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Preface 
Visitors to the United States in the nineteenth century attributed 
America's growing strength and power to such factors as an open 
society, the separation of church and state, Yankee ingenuity, 
an emphasis on education, a democratic tradition, a liberal immi- 
gration policy, a freewheeling economic system, a frontier experi- 
ence, the presence of abundant natural resources, and the absence 
of foreign domination. In the twentieth century most visitors are 
impressed primarily with one factor: the advanced state of Ameri- 
can technology. This study began as a search into the nineteenth- 
century origins of American industrial and technological leadership. 
At first I assumed that the source of technology resided in science, 
but soon discovered that scientists were a small group in the nine- 
teenth century, rather removed from the mainstream of American 
life. Architectural periodicals of the time reveal that nineteenth- 
century builders had a limited knowledge of advanced technology 
and cared little about new materials and methods of construction. 
Architects were caught up instead with the unsettled winds of 
romanticism that blew the ancient traditions of Greece, Rome, 
Egypt, and medieval France to American shores. 
Turning next to the inventors, I discovered a group of interesting 
personalities who were making many changes in the gadgets and 
machinery of everyday life, but their contributions alone did not 
explain the technological revolution. Consequently, the question 
was reversed and I sought the factors rather than the men who 
caused the greatest changes in nineteenth-century life and found 
them to be in the areas of time and space: transportation and 
communication. Narrowing the search to the men responsible for 
creating the railroads, the canals, the telegraph system, the tunnels, 
the harbor improvements, the steam engines, the bridges, it 
appeared to me that engineers were the managers of this great 
transformation. In the subsequent period of my research the 
materials began to reveal a familiar story. Engineers were involved 
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in an educational process, committed to a cosmopolitan perspective, 
and instrumental in the managerial revolution, while the results 
of their work influenced the advancement of American civilization 
and the growth of urbanization, and enhanced their own profes- 
sional status. The information relating to these areas formed the 
basic chapters of the following study. The technological revolution 
had its leaders; they were well trained, well organized, and very 
successful in fulfilling their utilitarian dreams. In fact, they were 
so successful that most historians have concentrated on what was 
accomplished, rather than how it was done or who produced it. 
Of course, the engineers did not bring about the technological 
revolution by themselves, but their part in it is perhaps worth a 
closer look. 
The research and writing of this book would not have been 
attempted or sustained without the counsel and encouragement 
of Professor Timothy L. Smith, who guided the manuscript 
through many stages of revision and reorganization. His remark- 
able capacities as an adviser and editor are reflected on every page. 
I am also indebted to Professors David Noble and Mary Turpie, 
two excellent members of the American Studies Program at the 
University of Minnesota, who advised and encouraged me in my 
study. Many libraries and archives aided my research. I owe 
special thanks to Robert Vogel of the Smithsonian Institution, 
Russell Trudell of Rensselaer Polytechnic Institute, Samuel Wil- 
liams of Stevens Institute of Technology, Robert W .  Lovett and 
Mrs. Eleanor C. Bishop of Baker Library, Harvard, the members 
of the History and Heritage Committee of the American Society 
of Civil Engineers, and Professor Richard Darr, who let me use his 
Nashua and Lowell notes. Financial aid for travel was provided 
by a University of Minnesota Graduate School Grant and by a 
generous sum from President Alvin Rogness of Luther Theological 
Seminary. To  my own dean at North Dakota State University, 
Seth Russell, I owe special thanks for providing me with time and 
money for the final preparation of the manuscript. Mrs. David 
Nelson performed yeoman service in typing the manuscript and 
Mrs. Charles Metzger graciously consented to proofread the final 
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copy. Finally this study is dedicated to my wife, LaDonna, who 
with tact and love has successfully kept family and household alive 
and healthy while her husband spent fourteen years attending 
lectures, habituating libraries, collecting data, and preparing the 
copy for this study. 
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1: The Functional Professional 
Nathaniel Hawthorne published in 1843 an ironic revision of John 
Bunyan's Pilgrim's Progress, which he entitled The Celestial Rail- 
road. In Hawthorne's version technology had changed the danger- 
ous and difficult journey from the City of Destruction to the 
Celestial metropolis. The guide was no longer Evangelist, but 
Mr. Smooth-it-away, a corporation executive. Casting aside the 
classical traditions of education, engineers had spanned the Slough 
of Despond with a bridge of "elegant construction" erected on 
principles of mathematics and physics. Through the Hill of 
Difficulty they had constructed a tunnel while the gaseous products 
of the Valley of the Shadow of Death flowed through a system of 
pipes to bring sunshine and light where once a "sulphurous curse" 
rested upon the land. A steam ferryboat waited to transport the 
nineteenth-century pilgrim across the dreaded river. 
Hawthorne placed the nineteenth-century pilgrim in an urban 
age. The celestial values of Bunyan7s time had been modified by 
the terrestrial technology of Hawthorne's era. Industrial progress 
attempted to smooth away the burdens of human existence by the 
use of mechanical power. The new technology modified the 
agrarian evils that Bunyan's Christian had confronted in the forests, 
deserts, rivers, valleys, and mountains. Man no longer lived in 
isolation and loneliness; transportation and communication had 
eliminated the barriers of time and space which had always 
separated human communities. The journey of life had become 
a pleasant trip surrounded by metropolitan influences. 
Hawthorne's insight into the midnineteenth century was not 
unique. Many of his contemporaries observed that technology 
had become a cultural force that was modifying traditional Anglo- 
Saxon institutions, the natural environment, and the Jeffersonian 
vision of America. Before 1850 technological development and 
the manufacture of power had been in the hands of isolated 
individuals and some private c0mpanies.l After 1850 professional 
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societies, quasi-governmental corporations, and advanced centers 
of learning promoted a rapid utilization of machines, tools, and 
industrial technology, which initiated profound changes in Ameri- 
can economic, political, and social life.2 The technological revolu- 
tion introduced the corporation, accelerated urbanization, and 
opened a new frontier of human experience and anxiety. 
Technology brought into history a momentous social power, 
which centered in the capacity to utilize mechanical strength in 
the production and distribution of material goods. I t  altered man's 
surroundings, reduced his dependence on manual labor, and trans- 
formed the products and customs of commerce. 
Engineers supplied the functional and professional leadership for 
this great transformation. The evidence I shall cite in this study 
convinces me that the engineering profession was primarily respon- 
sible for nineteenth-century American technological growth and 
that many of the leaders of this group realized that they were 
promoters of both material and cultural change. By emphasizing 
mobility, efficiency, standardization, improved living conditions, 
and a less burdensome life, engineers ushered in a cosmopolitan 
perspective, a new educational curriculum, and a new trend toward 
scientific management, and modified a whole maze of institutions. 
They often pictured themselves as the vanguards of civilization 
who stimulated intellectual thought and promoted the expansion 
of cultural values, as well as developing natural resources and 
fulfilling material needs.3 
George Morison, an internationally known American civil engi- 
neer, observed at the end of the nineteenth century that man was 
no longer limited to water or wind for the generation of power, 
that he could produce almost unlimited energy "where it is needed 
and when it is needed."4 He not only pointed out the democratic 
1 Charles Singer, "How 'A History of Technology' Came into Being," Technology 
and Culture, I (Fall 1960), 306. See also Maurice Daumas, "Technology: The 
Continental Approach," Technology and Culture, I (Fall 1960), 417. Daumas, 
editor-in-chief of L'Historie Generale des Techniques, sees this decade ( 1850-1 860) 
as one where there is a "clear break in the speed by which invention influenced 
industrial techniques." 
2 W. H. G. Armytage, A Social History of Engineering (London, 1961), 168-84; 
and Lewis Mumford, Technics and Civilization (New York, 1934). See also Peter 
F. Drucker, "Work and Tools," Technology and Culture, I (Winter 1959), 35. 
3 Lewis M. Haupt, American Engineering Register (New York, 1855), xiii. 
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implications inherent in the vast potential of mechanical power 
to supply man with comfort, leisure, and happiness but also noted 
that the "New Epoch" had given birth to a new profession. 
Morison observed that during his lifetime the traditional learned 
callings of law, divinity, and medicine had relinquished their 
exclusive control over social development, for the manufacture 
of power had been placed in the hands of  engineer^.^ 
Though canal building and early railroad construction created 
the first large demand for engineers, it was not until the third 
quarter of the nineteenth century that what once had been a 
technical craft became an institutionalized and scientific profes- 
~ i o n . ~  The American Society of Civil Engineers, first established 
in 1852, did not emerge as a stable organization until 1870.7 B. 
Franklin Greene reorganized Rensselaer Polytechnic Institute, 
America's first school of higher learning devoted wholly to science, 
into a college of engineering in 1850.8 During the same period 
Union College, Harvard, Yale, and about seventy other schools 
expanded their curriculums to include technical training for the 
new profes~ion.~ Many new tools and materials appeared during 
this period such as Bessemer steel, reinforced concrete, dynamite, 
pneumatic caissons, and the Burleigh drill. Dozens of engineering 
textbooks and handbooks were published meanwhile in both 
Europe and America.l0 A Scottish professor, W. J. M. Rankine, 
4 George S. Morison, The New Epoch as Develooped by the Manufacture of Power 
(Boston, 1903), 5. 
6 Ibid., 13, 61. 
6 Daniel H. Calhoun's The American Civil Engineer (Cambridge, Mass., 1960) 
traces the early beginnings of engineering up to 1846. He has indicated that the 
process of institutionalization culminated in the late 1860s. 
7 American engineering associations were formed later than the British. For a 
list of English technical and scientific societies, see Armytage, A Social History, 
354-57. 
8 B. Franklin Greene, The True Idea of a Polytechnic Institute (Troy, N.Y., 
1949), a reprint of the original published in 1855. 
9 For various lists of schools during the period, see John W .  Hoyt, Report on 
Education (Washington, D.C., 1870); Haupt, American Engineering Register, xx; 
James G. McGivern, First Hundred Years of Engineering Education in the United 
States, 1807-1907 (Spokane, Wash., 1960); or "Scientific Schools in the United 
States," Van Nostrand's Engineering Magazine, I (Jan. 1869), 16. 
10 A list of scientific discoveries and technical advancements can be found in K. 
Lark-Horovitz and Eleanor Carmichael, A Chronology of Scientific Advancement, 
1848-1948 (Washington, D.C., 1948); or Daniel B. Shepp, Story of One Hundred 
Years (Philadelphia, 1900) ; or Mum ford, Technics and Civilization, 437. 
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issued his widely circulated Afiplied Mechanics in 1858 and the 
Manual of the Steam Engine in 1859. James B. Francis, William 
Gillespie, Squire Whipple, Albert Fink, Herman Haupt, and 
William Trautwine, all American engineers, wrote basic texts, and 
after 1850 several journals were founded in the United States to 
summarize foreign and domestic technical writing.ll The con- 
struction of bridges, tunnels, dams, sewerage systems, waterworks, 
and railroads, the management of corporations, the planning and 
development of city transit, the design of machinery, the super- 
vision of mines and irrigation projects, the improvement of water 
transportation, and the extension of communications were all 
rapidly becoming highly sophisticated and complex operations. 
The new profession was predominantly civilian. Before 1850 
the military engineer had filled a technological vacuum by helping 
to plan and supervise the great expansion of internal improvements 
and public works. Two groups of military officers aided the early 
development of canals and railroads. The Corps of Engineers 
supervised military and federal construction and the Corps of 
Topographical Engineers was responsible for mapping and explora- 
tion.12 In the rapid professionalization of engineering after 1850, 
however, the influence of military engineers was negligible. This 
was partially a result of their preoccupation with the Civil War. 
More important, however, the civil engineers provided specialized 
11 William Gillespie, A Manual of the Principles and Practice of Road Building 
(New York, 1847) and A Treatise on Land-Surveying (New York, 1855); James B. 
Francis, The Lowell Hydraulic Experiments (Boston, 1855); Herman Haupt, Gen- 
eral Theory of Bridge Construction (New York, 1851), and Military Bridges (New 
York, 1864); Squire Whipple, A Work on Bridge Building (New York, 1847). 
Handbooks included Oliver Byrne, The Practical Model Calculator for the Engineer, 
Mechanic, Machinist (Philadelphia, 1851); Charles Haswell, Engineer's and 
Mechanic's Pocket Books (New York, 1861); John W. Nystrom, Pocket Book of 
Mechanics and Engineering (Philadelphia, 1855); David Scott, The Engineer and 
Machinist Assistant (London, 1856); W. Templeton, Templeton's Engineer's Mill- 
wright and Mechanic's Pocket Companion (London, 1854); and John C. Trautwine, 
Civil Engineer's Pocket Book (Philadelphia, 1872). which was in its twenty-first 
edition in 1937. Van Nostrand's Eclectic Engineering Magazine and the American 
Engineer. The American Zerah Colburn went to England after publishing The 
Railroad Advocate with Alexander Holley in the United States and founded both 
The Engineer and Engineering in the 1860s. For a short discussion of technical 
journalism see Armytage, A Social History, 183. 
12 W. Stull Holt, The Ofice of the Chief of Engineers of the Army, Its Non- 
Military History, Activities and Organization (Baltimore, Md., 1923). 
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services to new institutions and were closely associated with a 
cosmopolitan movement, while military engineers continued to 
work for nationalistic ideals and be employed in traditional projects. 
Though the new profession was "civilian" in training, purpose, 
and personnel, the term civil engineer soon lost this primary 
connotation and came to refer to all who designed, constructed, 
and maintained public works, as well as those who worked in 
corporations engaged in transportation and manufacturing. For 
example, prior to 1850 John Ericsson, the Swedish immigrant 
who later designed the Monitor, identified himself as a civil engi- 
neer. After 1850 he used the title civil and mechanical engineer.13 
Alexander Holley and Robert Thurston both graduated from 
Brown University in the 1850s with degrees in civil engineering 
and held prominent positions in the American Society of Civil 
Engineers. In 1876, however, Holley became the first president 
of the American Institute of Mining Engineers, and four years 
later Thurston became the first president of the American Society 
of Mechanical Engineers. Thus by 1880 civilian professionals 
were divided into three sections: mechanical engineers, who de- 
signed tools, engines, and machinery; civil engineers, who planned, 
constructed, and supervised large private or public works or served 
as city, hydraulic, sanitary, bridge, and tunnel engineers; and 
mining engineers, who located, extracted, and refined mineral 
deposits. This threefold division also characterized the federal 
service, though it operated on a much smaller scale. The army 
corps performed tasks analogous to the civil engineer, naval officers 
in the Bureau of Steam Engineering, which Benjamin Isherwood 
founded in 1861, designed engines and machines, while the United 
States Geological Survey, which Clarence King organized in 1878, 
coordinated the geophysical study of the nation's mineral resources. 
Because the civil engineers in the period between 1850 and 
1875 numerically dominated the profession and carried out a 
wide variety of projects which municipal, state, and private corpora- 
tions undertook, they reflected a larger degree of social awareness. 
The mining engineers were just beginning to form a distinct 
13 Ericsson used these titles to identify himself in legal documents. See unorgan- 
ized John Ericsson papers in the New York Historical Society. 
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identity and the mechanical engineers were caught up in "shop 
culture," where private ownership limited their professional devel- 
opment.14 Some mechanical, mining, metallurgical, and even 
chemical engineers became corporation executives or assumed 
other industrial positions in which personal workmanship, indi- 
vidual integrity, provincial politics, and entrepreneurial attitudes 
eventually gave way to a larger civic ethos. Civil engineers, how- 
ever, entrusted with million-dollar investments and held account- 
able for the health and safety of thousands of citizens, were chiefly 
responsible for establishing the profession's spirit of noblesse oblige. 
Too fine a distinction between mechanical, civil, or mining engi- 
neers and overemphasis upon technical specialization obscure the 
broader social meaning of the process that produced the profession, 
especially its moral purpose and its cultural impact. What is 
important in the period was not the rapid development of special- 
ized individuals who laid aside the general title civil engineer.15 
The critical differentiation was that some engineers never went 
beyond their apprenticeship training and remained provincial in 
experience and technical in practice, while others became profes- 
sional and cosmopolitan, dedicated to public service and a con- 
tinuous enlargement of knowledge. The civic-minded engineer 
employed his administrative capacities to advance civilization; 
his hopes reached beyond personal success or a welldesigned 
product. 
This comprehensive social definition of the civil engineer will 
be the one I shall use to analyze the importance of the new 
profession. Lewis Haupt reflected this cultural perspective when 
he discussed the qualifications of the professional engineer. Accord- 
ing to Haupt the word engineer did not refer properly to mechanics 
whose duties were "running of engines, whether locomotive or 
stationary," but to planners skilled in the keen observation of facts, 
the capacity of deduction from collected data, and blessed with a 
14 Monte Calvert, The Professionalization of the American Mechanical Engineer, 
1830-1910 (Baltimore, Md., 1967). 
16 Murray I. Mantell has written that in the twentieth century, "there is no sharp 
dividing lines between the various fields of engineering either in the college curriculum 
or In professional practice." Murray I. Mantell, Ethics and Professionalism in 
Engineering (New York, 1964), 128. This was also true for the period 1850-1875. 
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large fund of commonsense and an intimate knowledge of the 
uses and the strength of materials. The new profession thus 
combined the formal principles of science and the practical work 
of administrative supervision. Haupt said that the engineer was 
devoted to applying "the constructive resources of nature to the 
wants of man"; he provided society with an alternative to the 
superficiality, incompetence, and error that thwarted its advance- 
ment.16 
Such engineers were not independent entrepreneurs, but salaried 
professional executives responsible for the systematic organization 
of enterprises owned by public or private corporations. As func- 
tioning executives, they often came into conflict with the financial 
aspirations of their employers as well as with the traditions of the 
crafts to which construction foremen clung. In such cases the 
professionals followed the guiding principles set forth by Thomas 
Telford in 1828, in the charter of the British Institution of Civil 
Engineers. They were assistants to the "Proprietor of the Uni- 
verse," Telford said, responsible to direct "the great sources of 
power in nature for the use and convenience of man."17 Engi- 
neering executives thus groped toward an alternative to the entre- 
preneur's concern with independent initiative, often diverting a 
rising corporation toward the goal of social utility and making it a 
tool of noncompetitive consolidation. 
The engineering profession differed further from the traditional 
professions in the fact that specialization accompanied the pro- 
fessionalization process, rather than following it.l8 Consequently, 
engineers first identified themselves as practitioners of a specific 
field of engineering and did not use the more general term engineer 
in the same manner as obstetricians or orthopedists, for example, 
used the designation doctor. One reason for this was that the 
16 Haupt, American Engineering Register, xiii. 
17 Julius Adams, "The Dinner," Proceedings of the Americun Society of Civil 
Engineers, I (1874), 175; hereafter cited as Proceedings A.S.C.E. 
18 One of the largest collections of engineering statistics of the nineteenth century 
was compiled in Haupt's American Engineering Register where engineers were 
itemized by name, employer, and address. Haupt arranged his list into twenty 
different classifications which included mechanical, mining, gas, bridge, army, 
consulting, navy, geodetic, hydraulic, marine, sanitary, electrical, and civil engineers, 
draftsmen, geologists, topographers, architects, and surveyors. 
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various specialties grew out of a system of apprenticeship, as in 
railroad construction, hydraulics, or engine design, before they 
became an accepted part of the engineering profession. Mechanical 
engineers attained professional status by being owners and man- 
agers of machine shops, rather than by attending school and 
studying the laws of mechanics. A civil engineer normally began 
as an axman or a rodman and advanced in the ranks to transitman, 
assistant engineer, and resident engineer or division engineer before 
he became chief engineer. By contrast, a student of theology might 
be ordained a clergyman without ever having entered the pulpit, 
medical students sometimes became doctors without ever having 
treated a patient, and lawyers had to be admitted to the bar before 
they could appear in court. 
Two factors aided the civil engineers in establishing their pro- 
fessional independence. First, they were a highly mobile group. 
They rarely sought to gain a permanent place within a small 
locality or even a large section, such as was common in the practice 
of medicine and law. Nor did they customarily spend a major 
portion of their careers in one job, as was generally true of profes- 
sors and ministers. The engineer accepted the fact that his position 
with any enterprise was terminal; his task was to work himself out 
of a job. 
Second, however, the nature of industrial technology created a 
demand for some engineers to serve as supervising executives when 
their work of design and construction was completed. This simple 
multiplication of the demand for their services not only guaranteed 
engineers high salaries but also gave them an opportunity to 
bargain for status and, for some, to insist upon professional ethics 
as a public trust. Many of them, apparently animated by a Chris- 
tian vision of peace and public service, worked to widen the avowed 
pecuniary purpose of the private corporation. To  save time, space, 
and money, they argued, was to raise the standard of living for all 
men.lD This goal, like the tools, materials, and new knowledge 
with which the profession worked, went beyond sectional and 
19 Martin Coryell, "The Production of Traffic and the Transportation of Freight 
and Passengers," Transactions of the American Society of Civil Engineers, I1 (1874), 
240-55; hereafter cited as Trmtsactions A.S.C.E. 
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national boundaries. And it transcended the outlook of both the 
oldtime entrepreneurs and the emerging business bureaucrats. 
Members of the new profession, however, were concerned about 
their own status and security. They consistently compared them- 
selves to lawyers, doctors, and ministers and marked their own 
advancement in terms of the standards of learning, service, and 
prestige which these three older callings had enjoyed. Onward 
Bates, a bridge designer and a graduate of Rensselaer, once referred 
to the engineer as a "doctor of industry."20 The engineer's role 
was actually more analogous to that of the priest or teacher than 
the lawyer or doctor. His status and security did not come from 
an independent practice or from political alignments. Like clergy- 
men and educators, he was a salaried employee, but he did not 
have an ecclesiastical hierarchy or an academic community to 
provide him a basis of security. His status depended upon his 
personal ethical standards, his learning, and his professional accom- 
plishments. In this respect the engineer had to rely upon his claim 
as a learned professional more than did the established practi- 
tioners of law and medicine. William Gurley, for example, a 
civil engineer who brought international recognition to his instru- 
ment firm in Troy, New York, attained a reputation in the 
community as a "s&ong business man, a clear-hided counselor," 
and "a strong and able reasoner on all questions of i n t e r e~ t . "~~  
Rapid also brought favorable attention to the engineering 
profession. A tabulation of the statistics published in the United 
States Census Reports from 1850 to 1880 indicates that while the 
number of physicians and clergymen more than doubled and 
architects increased sixfold, the number of civil engineers multi- 
plied sixteen times.22 The total number of chemists, architects, 
20 Onward Bates, Bates, et al. of Virginia and Missouri (Chicago, 1914), 155. 
21 In Memoriam W i l l h  Gurley (Troy, N.Y., 1890), 44. 
22 In the United States Census of 1850 the first systematic attempt was made to 
classify occupations of free males over sixteen years of age and included a special 
classification for civil engineers. In the United States Census of 1860 the rubric 
"Civil Engineers" appeared as "Civil and Mechanical Engineers," and was appar- 
ently broadened to include many skilled mechanics and operating railroad engineers. 
In 1870 the Census Bureau reverted to counting "Civil Engineers" separately, a 
practice repeated in 1880. See Alba M. Edwards, Population: Comparative Occupa- 
tion Statistics (Washington, D.C., 1943), 87. 
l o  Engineering in American Society 
and engineers was about the same in 1850, but by 1880 civil engi- 
neers far surpassed the two other technical  profession^^^ (see Table 
1). The census reports also demonstrate that although the public 
TABLE 1 : PROFESSIONAL GROWTH, 1850-1 880 
Occupation 1850 1860 1870 1880 
Civil engineers 512 - 4,703 8,261 
Architects 591 1,263 2,017 3,375 
Chemists 465 574 608 1,869 
Clergymen 28,842 37,529 43,874 64,698 
Physicians 40,564 54,000 62,383 85,671 
often associated the civil engineer with the westward expansion of 
transportation, the profession was actually more prominent in the 
older industrial and urban centers. New York state supported 
about one-eighth of the entire group in any given decade of the 
thirty-year period (see Table 2). 
TABLE 2: C ~ v n  ENGINEERS BY STATES, 1850-1880 
State 1850 1870 1880 
Alabama 4 62 73 
Arizona - - 29 
Arkansas - 3 1 80 
California 6 158 390 
Colorado - - 273 
Connecticut 46 142 120 
Dakota - - 85 
Delaware - 7 19 
Dist. of Columbia - - 56 
Florida - 15 58 
Georgia 5 65 37 
Idaho - 13 
Illinois 2 1 320 299 
Indiana 11 166 153 
Iowa 4 175 198 
Kansas - 110 159 
Kentucky 8 107 162 
23 Lewis Haupt in the American Engineering Register lists 8,261 civil engineers, 
which just about equals the United States Census tabulation of 1880 if one includes 
bridge engineers, sanitary engineers, and other related classifications. However, 
Haupt lists about two thousand less American architects than were reported in the 
census figures for 1880. 
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TABLE 2 (continued): 
State 1850 1870 1880 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
Ohio 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
Tennessee 
Territories 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
TOTALS 
The rapid growth of engineering, its urban structure and the 
achievement of economic and intellectual status, the high degree 
of mobility and the technological demand that fostered professional 
independence, the capacity for effective administrative leadership, 
and the profession's awareness of its growing social role in American 
society all gave it the power to implement a technological revolu- 
tion. The remaining aspect yet to be introduced was the willingness 
12 Engineering in American Society 
of civic-minded engineers to assume the role of revolutionary 
leaders and to put forth the effort necessary to institute a program 
of social reform and cultural change. The concept of newness and 
a spirit of reform was central to the ideology of nineteenth-century 
life; however, professional engineers went beyond the rhetoric of 
progress to action. They fought for realistic change within existing 
political and economic institutions. Their saga was not a romantic 
one of fighting savages and rebels or of freeing slaves with new 
Constitutional amendments. Engineers, rather, took on entrenched 
economic institutions, business executives, and "public-spirited 
politicians and journalists as well. Within one generation they 
abolished man's reliance upon beasts of burden, vastly extended 
his mastery over time and-space, and freed growing cities from 
many of the evils and some of the fears associated with communal 
living. 
One of the revolutionaries who willingly accepted the practical 
implications of fighting for "newness" was Hennan Haupt, a 
pioneer in scientific management. He served as general super- 
intendent (1850-1852) and as chief engineer (1852-1856) on the 
Pennsylvania Railroad; then in 1856, he accepted an invitation 
from the state of Massachusetts to work on the Hoosac 
For six years Haupt lived through political crises, financial deficits, 
and public controversy. The tunnel promised to  link the manu- 
facturing communities of Massachusetts and Connecticut with 
Albany and Buffalo and the western markets of the Erie Canal 
route. Both the Boston and Albany Railroad and the Western 
Railroad Company used newspaper propaganda and political pres- 
sure to thwart Haupt's work. The Hoosac engineer not only had 
many technical problems to solve but also risked bankruptcy by 
advancing his own funds and borrowing notes to further the work. 
A change in state governors and Haupt7s refusal to interfere with 
the selection of a state engineer led to his dismissal from the tunnel 
project in 1862.26 Twenty-two years later the state of Massachusetts 
24 See Frank Abial Flower's preface to Herman Haupt, Reminiscences of General 
Herman Haupt (Milwaukee, Wis., 1901 ) . 
26 Herman Haupt is reported to have sent a telegram stating, "I can get along 
with any engineer who is competent and honest." Haupt, Reminiscences, xxiii. 
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repaid him for his work and investment at  a rate of eight cents on 
the dollar.26 
The history of the Hoosac Tunnel project is a good example of 
the role of professional engineers in applying the inventions of 
mechanics and the principles of scientists to practical problems. 
When the workmen began drilling in 1851, they used the same 
methods as those miners and craftsmen had used for centuries. 
Haupt explored new methods of construction and developed a 
pneumatic drill which began a new era in the system of mining 
and t~nneling. '~ Thomas Doane, who succeeded him on the 
Hoosac project, carried on the search for new methods, introducing 
trinitroglycerine explosives and employing an improved drill in- 
vented in 1865 by Charles Burleigh, a mechanical engineer working 
for the Putrnan Machine Works.28 The work on the Hoosac Tun- 
nel paralleled the institutionalization of the engineering profession 
in the United States and many young engineers received their first 
professional experience under Haupt and Doane. By 1876 tun- 
nel construction techniques had been completely mechanized. 
Though the distinction between applied and pure science is 
perhaps academic, at  least three kinds of technological specialists 
contributed to the advancement of nineteenth-century indus- 
trialization: inventors, research scientists, and engineers.29 The 
inventors were the least professionalized and the most independent 
of the three groups, but they were exceedingly popular. Oliver 
Evans, Samuel Colt, Cyrus McCormick, Charles Goodyear, Eli 
26 Haupt's reputation was not hurt by the termination of his job on the Hoosac 
Tunnel. Within a year after leaving Massachusetts he constructed the Potomac 
Creek Bridge, 400 feet long and 80 feet high, in nine days with 300 common soldiers. 
President Lincoln commented, "I have witnessed the most remarkable structure that 
human eyes ever rested upon. That man Haupt has built a bridge across Potomac 
Creek . . . over which loaded trains are running every hour, and, upon my word, 
there is nothing in it but bean poles and cornstalks." James Kap Finch, The Story 
of Engineering (New York, 1960), 272. 
27 Haupt was invited by the Royal Polytechnic Society of Cornwall in 1867 to 
visit Europe and explain the improvements he made in tunnel construction. 
28 Robert Vogel, Tunnel Engineering-A Museum Treatment, United States 
National Museum Smithsonian Institution Bulletin 240, Paper 41 (Washington, 
D.C., 1964). 
29 James K. Feibleman, "Pure Science, Applied Science, Technology Engineering: 
An Attempt at Definition," Technology and Cultu~e, I1 (Fall 1961), 309. 
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Whitney, Elias Howe, Isaac Singer, and Chauncey Jerome repre- 
sented "American ingenuity.'730 Few of them spent much time in 
systematic study or controlled research. They were practical men 
much more interested in marketing a unique idea or contrivance. 
The stories of their successes in the face of great obstacles became 
popular because they confirmed the ~ o r a t i o  Alger myth. That 
inventors were extremely active is evident from the records of the 
United States Patent Office, which issued 36,000 patents between 
1790 and 1860, and over 440,000 in the following thirty years.31 
Many inventors had a profound effect on society, but their 
independence often diminished the full potential of their ideas, 
because they lacked professional societies to promote and improve 
their innovations. Instead, they relied upon the federal government 
to protect their ideas and private corporations to finance, manu- 
facture, and distribute their devices. For example, Mahlon Loomis, 
a dentist by occupation, succeeded in sending signals without the 
use of wires in 1868. Congress incorporated his Aerial Telegraph 
Company in 1873. But because of the lack of funds and tight 
credit that year, Loomis failed to become the "father" of the 
wireless. As an inventor, he did not have the status to secure 
public approval, nor a professional group to support and improve 
upon his idea. Moreover, like most inventors, he had no important 
contacts with the business community. 
Nathan Reingold's study of nineteenth-century American science 
concludes that the so-called pure scientists-primarily physicists 
and chemists such as Benjamin Silliman, Nathaniel Bowditch, 
Joseph Henry, John W. Draper, Henry Rowland, A. A. Michelson, 
and J. Willard Gibbs-were interested chiefly in discovering and 
describing the fundamental relationships between matter and 
energy. The professionalization of their activities, according to 
Reingold, came only after 1870.32 Other than a few educational 
institutions, only three nineteenth-century organizations promoted 
30 See Roger Burlingame, Machines That Built America (New York, 1953); 
March of the Iron Men (New York, 1938); Engines of  Democracy (New York, 
1940). 
31 Armytage, A Social History, 179. 
32 Nathan Reingold, Science in Nineteenth Century America (New York, 1964), 
59, 
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scientific research-The Coast Survey, The Smithsonian Institution, 
and the National Academy of Sciences. The National Academy 
was purely an honorary organization; the Smithsonian's primary 
interest in building a museum and library overshadowed its role 
in promoting research. The Coastal Survey under the direction of 
Alexander Bache was the largest employer of mathematicians, 
astronomers, and physicists, but it exerted relatively little influence 
on the industrialization of the nation.33 
Engineers combined many of the practical aims of the inventor 
with the methods and discipline of the scientist; and they achieved 
professional status earlier than the other two groups. Consequently, 
engineers, far more than scientists or inventors, were responsible 
for nineteenth-century American technological growth. Using sci- 
entific training provided by chemists, physicists, geologists, and 
mathematicians and employing a respect for practical organization 
and management taught in the field and shop, the engineering 
profession moved forward rapidly during the latter half of the 
nineteenth century.34 As dreamers, planners, builders, and man- 
agers, the engineers helped to materialize the "Celestial" vision 
of civilization that John Bunyan had set forth, and planted it on 
the earthly side of the River Styx. 
The importance of engineering in advancing technology can 
also be demonstrated by comparing it to another rapidly devel- 
oping profession, architecture. All through the nineteenth century 
architecture and engineering were e ~ t r a n g e d . ~ ~  Architects were 
not active in developing new methods and materials for either 
private or public buildings. When the technological breakthrough 
required structures to house offices for industrial facilities and 
urban businesses, the engineering profession led the way. At the 
beginning of the twentieth century when architecture and engi- 
neering were reunited, they were brought together under the 
technical skills and aesthetic principles of form and function which 
the engineers had developed. 
33 Ibid., 152. 
34 C. J. Merdinger, "Civil Engineering Through the Ages," American Society of 
Civil Engineers Paper no. 2572. 
35 See John A. Kouwenhoven, "Two Traditions in Conflict," Made in America 
(New York, 1962), 43-74, 
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The impending split between the two professions was evident 
as early as 1801. Benjamin Latrobe, architect and engineer, 
designed a neoclassic structure in Philadelphia to house a steam 
engine for the city waterworks, one of the first of the few attempts 
in the nineteenth century to synthesize the practical needs of the 
machine with a sense of scale, composition, and mass of architec- 
tural taste. W. W. Boyington employed a similar approach when 
he enclosed the Chicago water-pumping station in the heavy 
battlements of "castellated got hi^."^^ In the 1870s another archi- 
tect trained in Europe, Henry H. Richardson, designed bridges 
and railway stations employing the costly and time-consuming 
principles of the age of stone. His literary training had not 
prepared him for an age of steel and concrete. Meanwhile, engi- 
neers such as John Roebling and James Eads combined technical 
advancement and artistic taste in the design of bridges. Roebling 
expected that the masonry towers and sweeping strands of steel 
in the East River span would rank as a national monument. Later 
critics have recognized the architectural contributions as well as 
the engineering achievements of this structure as well as Eads' 
bridge in St. 
The editors of Van Nostrand's Engineering Magazine in 1870 
attributed this estrangement between architecture and engineering 
to the public's concern with technology and the preference of 
Americans for utility over taste.38 An earlier article in the same 
periodical criticized architects for their antiquarianism. They had 
failed in "the elevation of public taste and the excitement of 
popular sympathy" because they refused "to bend to  the wants 
and discoveries of the times."3g Frank Lloyd Wright acknowledged 
in 1901 that his profession was aloof from reality. In  a review of 
the history of architecture before a group at Hull House and, later, 
36 A. T. Andreas, History of Chicago (Chicago, 1884), 11, 69. 
37 D. B, Steinman, The Builders of the Bridge (New York, 1945), 31 3; Carl W. 
Condit, "Sullivan's Skyscrapers as an Expression of Nineteenth Century Technology," 
Technology and Culture, I (Winter 1959), 87; Lewis Murnford, The Brown Decades 
(New York, 1955), 97. 
38 "Architects and Engineers," Van Nostrand's Engineering Magazine, I1 (Jan. 
1870), 1. 
39 "Engineers and Architects," Van Nost~and's Engineering Magazine, I (April 
18891, 351. 
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before the Western Society of Engineers, he declared that the 
majority of architects relied upon insufficient knowledge of arche- 
ology. The profession was reduced "to the gasping poverty of 
imitative realism.7740 The engine, the motor, and the battleship, 
Wright said, were the progressive, enterprising works of art of the 
past century.41 
Sigfried Giedion in his treatise on Space, Time and Architecture 
has pointed to the parallel development in nineteenth-century 
France of the Ecole Polytechnique and the Ecole des Beaux-Arts 
as an illustration of the increasing insulation of the fine arts from 
the conditions of ordinary life.42 Much of literature, religion, and 
philosophy was likewise estranged from technological development. 
The history of the balloon-frame construction, introduced in 
1833 at St. Mary's Church in Chicago and dispersed through the 
home-building industry by carpenters rather than architects, illus- 
trates this estrangement. The new method, which discarded heavy 
frame construction, became possible after nail-making machinery 
was devised in 1817. In 1855 Solon Robinson remarked, "If it had 
not been for the knowledge of balloon-frames, Chicago and San 
Francisco could never have arisen, as they did, from little villages 
to great cities in a single year.7743 Yet L. C. Tuthill's History of 
Architecture and Edward A. Freeman's History of Architecture 
published at midcentury, both ignored the balloon-frame and 
discussed buildings in the traditional terms of taste, grace, har- 
mony, and proportion. 
The result of preoccupation with what Tuthill called "the inno- 
cent pleasures of life" and what Freeman termed "the higher part 
of man's nature" was to limit the social influence of a r~hi tec ture .~~ 
Julius Adams, president of the American Society of Civil Engineers 
in 1874, noted at the Society's annual dinner that architects 
occupied "a comparatively subordinate position" because they were 
concerned with planning buildings for the "luxury of a class, whose 
40 Frank Lloyd Wright, Writings and Buildings (New York, 1961), 59. 
41 Ibid. 
42 Sigfried Giedion, Space, Time and Architecture (Cambridge, Mass., 1962), 210. 
43 Ibid., 69. 
44 Edward A. Freeman, History of Architecture (London, 1849), 6, and L. C. 
Tuthill, History of Architecture (Philadelphia, 1848), preface. 
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end and aim was to preserve the existing barriers between the few 
and the many." According to  Adams engineers had introduced 
"a new spirit of enterprise" into the art of building, so as to meet 
the "demand of an increasing population" and "advance the 
material interests of the lower classes." The engineering profession, 
in contrast to the "imitative art" of architecture, combined new 
knowledge with available resources so that the necessities of life 
could be extended to the masses.45 A. D. Hamlin, Columbia 
College's historian of architecture, observed at the end of the 
nineteenth century that "the architects were so preoccupied with 
their mistaken efforts to resuscitate historic styles" that they 
wholly failed to discover the possibilities of new materials.46 
Engineers were preoccupied with civil works that benefited the 
general public rather than with designs that reproduced for private 
display famous historical buildings. 
While architects busied themselves with Gothic and classical 
entabulatures, an engineer, Alexander Gustave Eiffel, and a gar- 
dener, Joseph Paxton, designed two of the most imaginative, 
neoteric structures of the nineteenth century. The  unique contri- 
bution of Paxton7s Crystal Palace and Eiffe17s Tower was their 
dramatic and efficient use of glass and steel. Steel was first intro- 
duced in the United States by an engineer, Alexander Holley, in 
1865 and first used in large quantities by James Eads in his St. 
Louis Bridge in 1874. An engineer-turned-architect, William Le- 
Baron Jenney, first demonstrated the potential of this new material 
for architectural construction. He designed the first steel-frame 
skyscraper, the Home Insurance Building in Chicago in 1883. 
Engineers who worked with new materials inspired America's 
first modern architect, Louis Sullivan. In his Autobiography of an 
Idea Sullivan reminisced that projects such as the Merrimack 
River chain suspension bridge, Eads' cantilever span, and C. Shaler 
Smith's Kentucky River Bridge had caused him "to discern that 
the engineers were the only men who could face a problem 
squarely; who knew a problem when they saw it."47 Sullivan's 
45 Adams, "The Dinner," 174. 
46 A. D. Hamlin, "The Battle of the Styles," Architectural Record, I (Jan. 1892), 
145. 
47 Louis H. Sullivan, The Autobiography of an Idea (New York, 1956), 246-47. 
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vision of an organic architecture in which form followed function 
asserted that an architect's design must fulfill social needs with 
utilitarian solutions.4s Thereafter, men such as Montgomery Schuy- 
ler and A. D. Hamlin joined Sullivan and Frank Lloyd Wright in 
a movement to unite architecture and engineering. Schuyler wrote 
that engineering had been progressive, while architecture was 
stationary, with the result that members of the former profession 
had produced "the most impressive7' and "most characteristic 
monuments of our Schuyler hoped that the two profes- 
sions in the twentieth century could interchange ideas and work 
together.60 
The principles that Sullivan made popular had appeared earlier 
in engineering journals. In 1874 a writer in the short-lived American 
Engineer insisted that in building construction "truth must control, 
originality must invent, science must cons t r~c t . "~~  The editors of 
Van Nostrand's Engineering Magazine claimed in 1869 that con- 
struction which was true, suitable, and serviceable was also beauti- 
f ~ 1 . ~ ~  The argument anticipated the pronouncements Wright and 
Sullivan made a generation later. "Modem architecture regarded 
from an art point of view is not a success," the editors stated. 
The Gothic revivalists had "attempted to produce the form of 
medieval work," but neglected "the spirit . . . of manly outspoken 
honesty and the love of truth" which animated it. Modem man 
could not live, dress, or build like those who lived in the thirteenth 
century, but must subject himself "to the same pure and simple 
influences of Emlen T. Tittell, an architect in New 
York, declared as early as 1874 that the one great impediment of 
his profession had been its ignorance of civil engineering.64 
During the nineteenth century the leadership of the techno- 
logical revolution was in the hands of the engineering profession. 
48 Condit, "Sullivan's Skyscrapers," 90. Condit says, "The system of truss framing 
in the auditorium grew out of inventions of the bridge engineers." 
49 James M. Fitch, American Building (Boston, 1948), 107. 
50 Montgomery Schuyler, "Modern Architecture," Architectural Record, IV (July- 
Sept. 1894), 13. 
61 "The Architecture of the Future," American Engineer, I1 (Dec. 1874), 26. 
62 "Modern Architecture, The O5ce of Art in Engineering," Van Nostrand's 
Engineering Magazine, I (Feb. 1869), 148-49. 
53 Ibid., 149. 
64 Adams, "The Dinner," 179. 
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Architects, inventors, and scientists were either too provincial or 
too romantic, too removed from the needs of man or too ignorant 
of the principles of science to secure the confidence of the public. 
A writer in the American Church Review remarked in 1867 that 
architecture in previous ages reflected the power, civilization, 
religion, and culture of the people. However, he went on to observe, 
"the tempora" of American public buildings did not represent the 
d <  great moving powers of modern civilization." Instead, the loco- 
motive and the steamer were the "seal and cypher of those govern- 
ing powers of the present 
In spite of the expanding role of engineers, public recognition 
of their professional status was often overshadowed by the drama 
of their actual accomplishments. The growth of railroads in the 
third quarter of the century, for example, was enormous. The 
9,021 miles of railroad track in the United States in 1850 grew 
to over 74,000 miles by 1875; in 1872 alone 7,439 miles were 
~ o m p l e t e d . ~ ~  The  basic pattern of American train service was 
complete east of the Mississippi by 1865 and west of the Mississippi 
by 1890.67 In 1849 Chicago had one short line of nine miles; five 
years later it was the leading railroad center in the United States.68 
After 1860 the trip from New York to Chicago took three days 
instead of three weeks, and Americans began to reckon distance 
in terms of hours rather than days. By 1873 American railroads 
were carrying over 160 million passengers a year and the approxi- 
mate investment in railroad construction and rolling stock was 
estimated at 400 billion.69 Such a rapid expansion of railways 
demanded a huge supply of iron and steel. By 1874, 735 blast 
furnaces located in twenty-four states boasted a total annual 
capacity of 4,624,989 tons of pig iron.60 The development of rail- 
roads also led to the expansion of the communications network. 
In 1851 the telegraph was extended along the New York and Erie 
Railroad and in 1855 along the Pennsylvania Railroad. In 1869, 
66 "Church Architecture," American Church Review, XVIII (1866-1867), 375-76. 
66 Alfred D. Chandler, Jr., The Railroads: The Nation's First Big Business (New 
York, 1965), 13. 
67 lbid., 3, 11. 
6s lbid., 21. 
5QAmerican Engineer, I1 (Feb. 1875), 55-56. 
60 Chandler, The Railroads, 33. 
The Functional Professional 2 1 
73,038 miles of telegraph line in the United States, operating 
through 5,029 stations, carried over 369 million newspaper words 
a year. The first Atlantic cable was completed successfully in 1857 
and by 1874 six cables satisfactorily connected the two continents.@l 
The role of the engineering profession and the contribution of 
individual engineers in this rapid growth of transportation and 
communication was so closely integrated that their contributions 
have yet to be described adequately. 
Technological advancement received public recognition at the 
international industrial fairs. The history of these events docu- 
ments the rise of the engineering profession. Mechanical inven- 
tions dominated the American exhibits at the London Exhibition 
of 18 5 1 : Singer's sewing machines, Hobb's locks, Borden's "meat'? 
biscuits, Colt's revolvers, Lawrence's rifles, Goodyear's rubber, 
McCormick's reaper, and Dick's engine tools.62 The American 
version of the London fair, called "Exhibition of the Industry of 
all Nations," was held in New York in 1853. To  duplicate Paxton's 
Crystal Palace in London an immigrant engineer, Christian Edward 
Detmold, and his assistant, Horatio Allen, a railroad and loco- 
motive designer, planned the great glass building on Reservoir 
Square at Sixth Avenue which dominated America's first World's 
Fair. The glass palace became the first of many technological 
objects that symbolized man's faith in the peaceful unification of 
mankind. S. C. Aiken, a Presbyterian pastor in Cleveland, thought 
Detmold7s structure reinforced the millennia1 hopes which perme- 
ated the American vision.63 He declared that the gathering of 
people from many nations in a "magnificant crystal palace," a 
place where they could raise their eyes and view the heavens 
through the transparent dome, was symbolic of the Creator's 
plan that all men should enjoy "one common tie of interest and 
aff e~tion."'~ 
61 John W .  Oliver, History of American Technology (New York, 1956). 
62 Merle E. Curti, "America at World's Fairs," American Historicd Review, LV 
(July 1950), 833. 
63 The fairs were also instrumental in attracting young men into the engineering 
profession. For example, see the Reminiscences of Robert Stanton in the New 
York Public Library or the Reminiscences of Hezekiah Bissell in the Smithsonian 
Institution. 
64 S. C. Aiken, Moral View of Railroads, A Discourse Delivered on Sabbath Morn- 
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At the Philadelphia Centennial Exhibition held in 1876 the 
central object of attraction to the eight million visitors was not a 
building but the immense Corliss engine, which stood among 
hydraulic waterfalls and Baldwin locomotives on Machinery Hill.66 
The engineer had upstaged the inventor. The technological power 
that most impressed the French observers at  Philadelphia lay in 
America's instrument-making, machinery-design, and chemical and 
civil engineering.66 
An even better summary of American technics can be found in 
the records of the Paris Exhibition of 1878. The United States 
exhibits there aimed more at showing the professional competence 
of engineers than at impressing the masses. The American Society 
of Civil Engineers displayed forty-six representative works, twenty- 
one of which were bridge designs such as John Roebling's uncom- 
pleted East River Bridge, James Eads' St. Louis Bridge, C. Shaler 
Smith's bridges over the St. Charles, the Ohio, and Mississippi 
rivers, Albert Fink's Louisville Bridge, George S. Morison's new 
viaduct at Portage, New York, and the Poughkeepsie Bridge of 
P. P. Dickinson. Other exhibits explained engine designs, harbor 
and river construction, rolling stock, gas works, and William 
Hutton's inclined plane and caisson for canal boats at  George- 
town.67 Only one architectural design was included; American 
technology had advanced far beyond the mere imitation of a crystal 
palace built by an English gardener. 
Fairgoers were not the only ones impressed by the achievements 
of the emerging engineering profession. Three important groups 
in American society, the farmers, the college faculties, and church 
officials, adroitly adjusted to the opportunities offered by the 
industrialization process. But here again the accom~lishments of 
engineers were accepted so readily that the profession itself seldom 
seemed revolutionary, nor was it the subject of discussion and 
investigation. For example, the positive effects of transportation 
ing, February 23, 1851, on the Occasion of  the Opening of  the Cleveland and 
Columbus Railroad (Cleveland, Ohio, 1851 ) , 17-1 8. 
66 Oliver Larkin, Art and Life in America (New York, 1960), 241. 
66 Curti, "America at World's Fairs," 839. 
67 American Engineering as lllustrated by this Society at the Paris ExDosition of 
1878, American Society of  Civil Engineers (Paris, 1878) . 
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for the farmer was the subject of the following article, printed in 
the Nashua Gazette in September 1868. 
To haul forty bushels of corn fifty miles on a wagon would cost at least 
$12 for team, driver and expenses. A railroad would transport it for $4 
at most. Allowing an average of forty bushels per acre, the crop would 
be worth $8 more per acre, or 8 per cent on $100. As the relative 
advantage is about the same for other crops, it is clear that a railroad 
passing through a town would add $100 per acre to the value of the 
farms. A town ten miles square contains 4,000 acres. An increase of 
$100 per acre is equal to $6,460,000, or enough to build two hundred 
miles of road, even if it cost $32,000 per mile. But two hundred miles 
of road would extend through twenty towns ten miles square, and cost 
only $10 per acre, if taxed upon the land. The figures are given merely 
as an illustration. If the farmers had taxed themselves to build all the 
railroads in this country, and, given them away to any companies that 
would stock and run them, the present increased value of their land 
would have well repaid all their outlay. 
That the farming community in 1868, which still made up a 
large portion of the population, was more interested in a cash crop 
and land values than in a rural culture has recently become an 
accepted interpretation among  historian^.^^ What is not so often 
acknowledged, however, is that the yeoman farmer readily accepted 
both the effects and the methodology of the technological revolu- 
tion. When engineers entered the garden, they not only brought 
improved transportation and communication but also founded 
institutions of learning that were tied closely to agricultural colleges. 
There they modified agrarian work patterns by research, study, 
efficient organization, and scientific management, precisely the 
-..Lllques first developed by the engineering profession. Thus 
the farming community by midnineteenth century had become 
part of the business community and had benefited by national 
industrialization. 
Thousands of religious congregations were also emerging from 
68 See Richard Hofstadter, The Age of Reform (New York, 1955), 36-59; Henry 
Nash Smith, Virgin Land (New York, 1957), 227-33; Norman Pollack, The Popu- 
list Response to Industrial America (New York, 1962), 28-29; Paul W. Glad, 
McKinley, Bryan and the People (New York, 1964), 32-50; Leo Marx, The Machine 
in the Garden (New York, 1964), 229-65. 
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an experience that made them eager to promote a realized 
eschatology, a world where time and space shrank and productivity 
expanded. Christian perfectionism, revivalism, and social concern 
reached their annus mirabilis in 1858.69 The expectation of the 
imminent advent of the Kingdom of God was not wholly tran- 
scendental in character, however. S. C. Aiken greeted the coming 
of the railroad to Cleveland with millennia1 anticipation. He 
declared that this new and vast power was "intended by Providence 
to act upon religion and education-upon the civilization and 
character of a nation in all the complicated interests of its social 
organi~rn."~~ He noted that some feared modern transportation 
would demolish the Christian sabbath. Aiken, however, proclaimed 
the human and divine benefits of improved travel: advanced com- 
munications would further peace and rapid transportation would 
foster unity and brotherhood. According to Aiken the United 
States could not be held together by the Constitution alone, for in 
such a large nation sectional interests and jealousies threatened the 
federal union. The rapid development of railroads was the surest 
solution to the impending division between the North and the 
South.?l 
The Cleveland pastor foresaw the growth of large corporations 
and the consequent concentration of enormous amounts of wealth 
and power; but he speculated that God would use these new 
institutions to inaugurate his kingdom. The power and wealth 
of new industrial corporations, Aiken suggested, could become in- 
struments for peace, equality, unity, education, and a more efficient 
enforcement of morality. Such a new world would need responsible 
leaders. Aiken paid a special tribute to the executive leadership 
of the engineer who had directed the construction of the railroad 
through Ohio. Indicative of the anonymity of individual engineers, 
Aiken never mentioned the name of this promoter of morality, 
civilization, and a new celestial c ~ m m u n i t y . ~ ~  
The third group that seriously considered the implications of 
science and technology was the academic community. Paul A. 
69 Timothy L. Smith, Revivalism and Social Reform (New York, 1957) . 
70 Aiken, Moral View of Railroads, 17. 
71 Ibid., 18-19. 
72 Ibid., 27-28. 
The Functional Professional 2 j 
Chadbourne, president of Williams College and formerly president 
of the University of Wisconsin, spoke on "Physical Science as the 
Product and Promoter of Ci~ilization'~ in a commencement address 
at  Rensselaer Polytechnic Institute in 1877. According to Chad- 
bourne power over nature was the one distinguishing element of 
his time; civilization had been modified by applied science. He 
explained how the physical sciences had the power to braid iron 
bars like straw, to move a thousand wheels with one stroke of a 
piston, and to bring lightning out of the clouds and make it man's 
servant. "This grand power of thought finds its full expression in 
our railroads, and steamships, in telegraphs and cotton mills.'773 
Science was no longer just a system of knowledge, but had been 
linked to everyday life. "A single scientific discovery may render 
worthless millions now invested, and give value to that which is 
now of no more benefit than barren lands.7774 
Chadbourne warned that although applied science might bring 
about greater luxury and the equalization of life's conveniences, 
it would also initiate urban growth and the problems of a dense 
population. He told the Rensselaer graduates that although phy- 
sical science, which was changing the nature of society, "may give 
light, it never gives strength of purpose." He suggested that the 
place to look for guidance was not to nature but to the moral and 
religious impulses in man.76 
Thus educators, farmers, and ministers, like many others in 
American society, had by the fourth quarter of the nineteenth 
century conceded with admiration the impetus that technology 
had provided in the development of their nation. Lewis Haupt 
summarized his astonishment in the following words: 
It seems scarcely credible that but little more than half century since, 
there were no railroads, whilst now there are about 130,000 miles; no 
tunnels, where as now their lengths amount to many hundreds of miles; 
no telegraph until 1844, very limited mails, and excessive rates of 
postage; no fuel but wood; no public conveyances worthy the name; no 
73 The address of President Chadbourne can be found partially recorded in a 
newspaper article in the Nason scrapbook in the archives of Rensselaer Polytechnic 
Institute. 
74 Ibid. 
75 Ibid. 
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elevated, surface or underground railways; no attempts at municipal or 
sanitary engineering, which is generally regarded by a community as the 
last, instead of the first, of its requirements; no steamboats, no power 
tools, and but little machinery. Then the former instruments were of 
the simplest kinds; there were no binders, harvesters, and reapers, gang- 
plows, seeders and rakes. Then the spinning-wheel, reel and knitting 
needles were the predecessors of the sewing and knitting machines. Then 
the mining engineer groped his way laboriously through the obstructed 
labyrinths of his murky gangways, while the miner, with pick or hand- 
drill, made a snail's pace in his contest for space and for product; now 
with electric lamp, pure air and power drills, violent explosives and 
fluid motors, mountains turn to mole hills, and the physical obstruction 
to transportation soon becomes a plane.T6 
Haupt attributed the transformation of technology to  the pro- 
fessional competence of the engineer. H e  noted that individual 
initiative and self-made men could not supply wholly the desire 
for cheap homes, low-priced goods, and easy conveniences. Designs 
for public works and plans for public transportation and com- 
munication depended upon years of preparation and study. With- 
out professional consultation, he  said, technological advancements 
"have resulted in calamitous failures, for which engineers are in 
no sense responsible, as in such cases it will be found that their 
services were either not desired, or if consulted, their advice was 
not followed." H e  concluded, "It is impossible for every man to  
be his own engineer as i t  is for him t o  be his own lawyer or 
physician," and he  asked his readers for their "generous recogni- 
tion and patronage7' of the new p r o f e ~ s i o n . ~ ~  
76 Haupt, American Engineering Register, xviii. 
77 Ibid., xix. 
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Knowledge was the critical agent in the growth of the engineering 
profession.l Private and public corporations hired engineers because 
they were informed on the latest technological developments and 
had the administrative skill to organize and carry out technical 
projects efficiently. Formal academic study and an extensive 
apprenticeship-training qualified an engineer to direct industrial 
enterprises. Once in the field, he kept abreast of his practice by 
reading technical journals and by participating in professional 
societies. These national and regional groups arranged formal 
discussion and lectures, supplied reference and library services, and 
encouraged their members to publish accounts of their own suc- 
cesses and failures. 
Publishing houses and professional associations fulfilled an educa- 
tional purpose and sought to make general knowledge functional, 
rather than cultivate a special esoteric know-how.2 Most engineers 
did not achieve professional status merely by mastering a quantity 
of technical data. They wanted to be known as men with inquiring 
minds who were professional problem-solvers. Their success de- 
pended upon continual study and observation. In a debate over 
Thomas Clarke's paper "The Education of Civil Engineers," 
Francis Collingwood told the American Society of Civil Engineers 
that education was a lifelong process and that the critical task for 
the schools was to teach a youth how to learn.3 Thinking aimed 
thus at innovation and deviation was a prerequisite for America's 
technological growth. The technician who merely imitated others, 
or who made only small improvements in the details of basic design, 
was not functioning as an engineer but as a craftsman. Such a 
person who understood accepted building methods could be called 
a construction foreman or chief mechanic, not a civil or mechanical 
engineer. Herein lay the distinction between shopmen and those 
with a thorough academic training.4 William J. McAlpine, presi- 
dent of the American Society of Civil Engineers, reminded his 
colleagues in 1868 that the man who neglected his daily study 
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"may rest assured that sooner or later he will be shelved, and his 
place supplied by one of those who by closer study and better 
acquaintance with modern developments" would fill his pos i t i~n .~  
Engineers could perhaps be called functional intellectuals. They 
were men who employed the methods and discipline of the 
scholar but to whom ideas were tools of cultural change rather 
than aesthetic experiences. During the period preceding and 
following the Civil War, American society called upon such men 
to fulfill needs and solve problems for which the past provided 
little help. Improving the methods of building bridges, sewers, 
canals, railroads, harbors, tunnels, and levees required alert and 
critical minds. The new materials and the new systems of con- 
struction were so complex that society could no longer rely upon 
craftsmen to provide estimates, supervise contractors, and efficiently 
manage expanding operations. Moreover, in the cities traditional 
solutions to the problems of transportation, communication, and 
sanitation were no longer adequate. The nineteenth-century engi- 
neer committed himself to an organic concept of learning much 
as the twentieth-century architect espoused organic architecture. 
A functional and expanding knowledge became the expected 
means of improving society. John W. Hoyt, United States Com- 
missioner to the Paris Universal Exposition of 1867, was one of 
many who promoted education as the key to the material progress 
of Western ci~ilization.~ From his travels in Europe and the 
United States, Hoyt reported that whenever scientific application 
was "deemed the sine qua non of advancing civilization" there the 
educational institutions, filled with laboratories and enthusiastic 
students, overshadowed the edifices of kings7 
1 For a survey of engineering education see J. A. McGiven, First One Hundred 
Years of Engineering Education in the United States, 1807-1 907 (Spokane, Wash., 
. - . - 
1960). 
2 John B. Rae, "The 'Know HOW' Tradition: Technology in American History," 
Technology and Culture, I (1960), 139-40. 
3 Thomas C. Clarke, "The Education of Civil Engineers," Transactions A.S.C.E., 
111 (1874), 263. 
4 Editorial in American Engineer, I (April 1874), 66. 
5 William J. McAlpine, "Presidential Address," Transactions A.S.C.E., I (1868), 
48. 
6 Education is still considered the key to economic progress, see C. E. Ayres, The 
Theory of Economic Progress (New York, 1965), xxi, xxiii. 
7 John W. Hoyt, Report on Education (Washington, D.C., 1870), 205. 
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In the third quarter of the nineteenth century, the most rapid 
and extensive development of American higher institutions of 
learning took place within the so-called polytechnic educa t i~n .~  
These institutions combined formal science with functional appli- 
cation and taught a pragmatic, critical attitude toward utilizing 
knowledge. J. W. Hoyt recorded only three nonmilitary profes- 
sional polytechnic schools in the United States in 1867: Rensselaer, 
located at Troy, New York; the Polytechnic College of the State of 
Pennsylvania, in Philadelphia; and the Massachusetts Institute of 
Technology, in Cambridge. A survey in 1866 revealed that these 
three polytechnic institutions enrolled about half of the students 
taking- engineering courses in American higher education9 (see 
Table 3). According to Hoyt, however, a great number of new 
departments of applied science in American colleges and univer- 
sities-many of them organized with funds provided by the Morrill 
Act in 1862-placed emphasis on supplying the country's need for 
engineers. In addition to the land-grant colleges in such states as 
Iowa, Massachusetts, Kansas, Maryland, Kentucky, Pennsylvania, 
and New York (Cornell), he mentioned Brown University, Shef- 
field Scientific School at  Yale, Chandler Scientific School at 
Dartmouth, the State University of Vermont, and the Illinois 
Industrial University.lo When listing the scientific schools in the 
United States in January 1869, Van Nostrand's Eclectic Engi- 
neering Magazine included institutions such as the University of 
Michigan, Washington University in St. Louis, the School of 
Mines at Columbia, Lawrence Scientific School at  Harvard, and 
the University of New York City.ll Lewis Haupt's American Engi- 
neering Register of 1885 provided a more complete list.12 
The growth of industrial education was quite remarkable when 
one considers that there were only two institutions, Rensselaer and 
8 See Earle D. Ross, Democracy's College (Arnes, Iowa, 1942), 14-45. 
9 Hoyt, Report on Education, 234. 
10 Ibid., 235. 
11 "Scientific Schools in the United States," Van Nostrands Eclectic Enginem'ng 
Magazine, I (Jan. 1869), 16. 
12 Haupt added Lehigh University, Maine State College, Mutual Training School 
in St. Louis, Pennsylvania Military Academy, Swarthmore College, University of 
California at Berkeley, Thayer School of Civil Engineering, Towne Scientific School, 
University of Cincinnati, and Western University of Pennsylvania. Haupt, American 
Engineering Register (New York, 1885). 
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West Point, preparing men for careers in applied science in 1840 
and that by 1870 over seventy institutions of higher learning 
offered students an engineering curriculum with courses in math- 
ematics, geology, physics, chemistry, hydraulics, and mechanics.13 
Due to the growth of new schools, engineering graduates increased 
from less than 900 in the decade before 1870 to more than 3,800 
in the 1880s.14 
The growth of engineering curriculums introduced two tenden- 
cies into American higher education: an emphasis upon learning 
through personal experience and a corresponding concern for 
developing professional attitudes. Rensselaer Polytechnic Institute, 
which pioneered in extending a student's education beyond the 
confines of the lecture and classroom through laboratory assign- 
ments, industrial visits, fieldwork, and a program of graduate level 
research,16 emphasized that the purpose of college education was 
the "discipline of the mental faculties as working forces.'716 
S. Edward Warren, a professor at  Rensselaer, declared that the 
success of professional education depended upon flexible teaching 
methods that would reflect the varying nature of the subject 
matter in the new curriculums. Warren published a report in 
1866 (see Table 3) which showed that Rensselaer was the only 
school providing a four-year course in engineering while the other 
institutions offered a general course prior to one, two, or three 
years of technical study.17 Rensselaer, like the schools that trained 
lawyers, doctors, and clergymen, attempted to matriculate students 
with baccalaureate degrees from liberal arts institutions, so they 
could concentrate upon teaching technical skills and professional 
attitudes. Instructors at  Rensselaer concentrated on disciplining 
the student's mind, leaving the structuring of social and religious 
life to the Troy community. The editor of the student newspaper, 
The Polytechnic, reported that "no dormitory or rigid college 
discipline exists as in other  institution^,'^ and that the faculty 
13 W. H. G. Armytage, A Social History of Engineering (New York, 1961), 178. 
14 ROSS, Democracy's College, 156. 
16 See Palmer C. Richetts, History o f  Rensselaer Polytechnic Institute, 1824-1 9: 
(New York, 1934), and R. P. Baker, A Chaoter in American Education, Rensselae- 
Polytechnic Institute, 1824-1924 (New York, 1924). 
16 S. Edward Warren, Notes on Polytechnic Schools (New York, 1866), 15-16. 
17 Jbid., 6-7, 
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seldom took "cognizance of the student, when outside of the 
recitation room."ls Contrary to the general expectation, he re- 
ported, the system did not produce "carelessness and inattention 
to studies," but tended rather "to import a more elevated and 
manly bearing to the youth." Almost every Rensselaer class con- 
ducted some public demonstration in order to register a complaint 
against inadequate teaching or courses they felt were an academic 
waste of time.lg 
An article in 1869 in the New York Times questioned the 
efficiency of this rapid but uncoordinated development of scientific 
curriculums in the United States.20 The report noted that a 
visitor to the United States would "observe the revolution in 
every mode and attribute of life-the dissolving and recomposing 
of materials, the utilization of natural forces, the wonders of 
chemistry, the feats of engineering, the triumphs of machinery, 
the omnipresence of iron" and would search in vain for the modern 
~ t h e n a e i m  responsible for "the steamship, the locomotive, the 
telegraph, the iron bridge, the Bessemer process, the machinery of 
agriculture, of water supply, of illumination, of weaving, or print- 
ing, or compounding, eliminating and shaping materials for infinite 
uses, or turning power into infinite channels, and the machinery 
that makes machinery." The article observed that the advance- 
ments of modern engineering came through professional literature, 
numerous colleges, learned commissions, conservatories, libraries, 
and museums whose influence was often "limited, local and inade- 
q ~ a t e . " ~ l  The author argued that the expanding system of poly- 
technic education should be standardized. However, the absence 
of a national institute of technology and a federally controlled 
expansion of science curriculums meant, in fact, that engineering 
education was to remain varied and flexible. 
What became "institutionalized" was a noninstitutional ap- 
proach to learning, which aimed at teaching students to think for 
18 The Polytechnic (Dec. 20, 1865), 35-36. 
19 See the student newspaper, The Polytechnic, or the Alfred Bower Diary in the 
Rensselaer archives. 
20 Reprinted as "An Academy of  Useful Science," in Van Nost~and's Eclectic Engi- 
neering Magazine, I (Jan. 1869), 50-51. 
21 Ibid. 
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themselves. The debate did not center on the need for technical 
courses, but upon the best means of producing alert minds. 
Recognizing that "the mind is a machine to be developed, . . . a 
power to be disciplined rather than a storehouse to be filled," the 
editors of Van Nostrand's Eclectic Engineering Magazine observed 
that the "new school professors indeed proceed upon the theory 
that the mind can be as well disciplined by practical as by classical 
For example, in order to combine the practical and the 
theoretical, instructors undertook such experiments as organizing 
classes into an engineering corps and completely building a rail- 
road.23 The movement away from rote learning and toward new 
educational methods concerned the editors of the engineering 
monthly. The lessons of "old fashioned scholarly culture," they 
felt, would make technicians more aware of moral c~mplexi t ies .~~ 
Most colleges of engineering attempted to strike a balance 
between the classical and the functional, the esoteric and the 
exoteric. Much of the engineering curriculum, from laboratory 
work to field trips, foreshadowed goals and methods of what 
was later called progressive education; instructors endeavored to 
make the learning process practical and lifelike, while maintaining 
standards of scholar~hip.~~ The balance between academic disci- 
pline and practical experience was different in the college cur- 
riculums than in the industrial schools. The mechanical institutes 
were criticized for their failure to teach men to think. Industrial 
schools taught tradesmen a craft, but spent little time on "fitting 
the mind to work." The polytechnic institutes were different, for 
in addition to having a passing knowledge of the "shop" and "field" 
practice, each graduate was expected to understand the theoretical 
basis of civil and mechanical cons t ru~t ion .~~ 
When the Illinois Industrial University adopted a curriculum 
in 1867, the editor of the Chicago Daily Tribune chastised the 
22 "Reformed Schools," Van Nostrand's Eclectic Engineering Magazine, I (Aug. 
1869), 673. 
23 "Practical Instruction in Engineering," Van Nostrand's Eclectic Engineering 
Magazine, I (April 1869), 304. 
24 "Reformed Schools," 673. 
26 "An Academy of Useful Science." 50-5 1. 
26 "Scientific vs: Practical ~chools," Van Nostrand's Eclectic Engineering Maga- 
zine, I (Dec. 1869), 1104. 
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school for requiring Latin and Greek and compulsory military 
training, while omitting higher mathematics and chemistry.27 
The purpose of founding the University at Champaign, the paper 
noted, was to train men "in the industrial arts and sciences with 
a view to their more extended usefulness in promoting the 
civilization of the century." By omitting mathematics and 
chemistry, "the very cornerstones of industrial progress," and 
neglecting courses in the laws of mechanics and mining, the board 
of trustees displayed "their ignorance, their prejudice or the want 
of sympathy with the spirit of the age." The editorial claimed, 
"What the state wants is not a one horse classical school, in which 
the tedium of scanning Latin verse is relieved by occasional excur- 
sions into the domain of Agriculture and other branches of Natural 
Science; but an Industrial University, in fact, as well as in name." 
The editor linked the future of Illinois with the content of class- 
room curriculums. 
W e  had hoped that the want to be filled-that new Illinois, so far 
removed from the routine system of the Old World, so wanting in 
scientific instruction, so rich in all that practical science may utilize- 
would have a school in which the absurdities of the past would be 
eliminated and in which also the hopes of the future . . . would be 
fostered and cherished in its discipline, its teachers and its graduates. 
But if the policy recently adopted is carried out the State is doomed 
to disappointment. The institution built up with public money will be, 
if not a nuisance and a disgrace, not above the low level of a dozen or 
fifteen other "colleges" and "universities7' of which the State can 
boast; and they as all men know are bad enough.28 
Not all who were sympathetic with the new educational changes 
were as enthusiastic and informed as the editor of the Chicago 
Daily Tribune. Horatio Potter, bishop of the Protestant Episcopal 
Diocese of New York, wrote in 1862 to Charles Chandler, professor 
of chemistry at Union College, to ask why nonscience majors 
taking chemistry were required to perform the laboratory assign- 
ments. Dr. Chandler pointed out that "many have an idea that 
the laboratory students spend their time in mechanical operations, 
27 Chicago Daily Tribune, Dec. 1, 1867. 
28 Ibid. 
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in acquiring a knowledge of the technical part of various branches 
of industry which are pursued by the lower classes of society." 
In Chandler's opinion the student who worked in the laboratory 
had the same objectives as the student who attended lectures. 
Both sought a knowledge of chemistry "which may or may not be 
directly applied subsequently in gaining a l ivel ih~od."~~ 
Many in American society were impressed with what one 
reviewer called "an element of truth and of good sense" in the 
tendency to introduce the study of modern science, and especially 
modern languages, into institutions of higher learning, but there 
was also a concern that practical knowledge "pushed to the 
extreme" would never attain its promised success.30 Even the 
editors of Van Nostrand's Eckctic Engineering Magazine feared 
the commercial emphasis within "reformed education." They 
expressed a preference for the humanitarian perspective of the 
"grand old university l i terat~re. ' '~~ 
Contrary to the expectation of many, the practical and less 
esoteric curriculums produced a revolutionary group of functional 
intellectuals. A large percentage of the engineers who reached 
national prominence in the period 1850-1875 were graduates of 
these engineering programs. Out of a sampling of one hundred 
engineers whose careers are described in the Dictionary of American 
Biography, eighty had attended a college or ~nivers i ty .~~ Though 
Rensselaer and West Point are well represented in this sampling, 
the majority had graduated from a variety of engineering programs 
in liberal arts colleges which became available throughout the 
United States in the third quarter of the nineteenth century. 
Robert Stanton, a graduate of Miami College of Oxford, Ohio, 
attributed much of his professional success to the teaching methods 
of Professor R. W. McFarland, mathematics instructor at  Miami. 
Stanton recalled that Professor McFarland confined his teaching 
almost entirely to the why and wherefore of practical problems. 
29 C. F. Chandler to Horatio Potter, Jan. 25, 1862, CFC. 
30 American Church Review, XVIII (April 1866), 11 5. 
31 "Reformed Schools," 673. 
32 Daniel Calhoun found that "the American civil engineering profession of the 
generation around 1837 consisted mainly of men with no school training as engi- 
neers." The American Civil Engineer (Cambridge, Mass., 1960), 53. 
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He could quote "facts, dates, figures, and details on almost every 
subject" but he would not allow his students to concentrate on 
memorizing technical data.33 After graduating from Miami, Stan- 
ton intended to take a postgraduate course in mathematics at  
Harvard and then go to a technical school to study engineering. 
This goal went unfulfilled, however, when Stanton's father, who 
was president of Miami College, lost his position. The son joined 
a surveying crew to help sustain the family. Stanton remembered 
meeting McFarland after having pursued an engineering career 
for twenty-five years. His former professor indicated that instructors 
of his generation had not attempted to force students into an 
intense-study of technical detail: Rather, it was their aim to 
store the mind with "sound general principles, applicable to any 
situation," and thus develop professional innovators instead of 
technical imitators.34 
The valedictory address of John Pemberton, Jr., class of 1860 
at Rensselaer Polytechnic Institute, indicates that some professors 
were overly successful in convincing students that they had the 
tools to solve all the world's problems. Pemberton assured his 
fellow classmates that they could "step into the world unfaltering," 
since in their right hand was "the power of knowledge" and in 
their left, the "torch of science." He warned that the power of 
knowledge became paralyzed by inactivity and that the torch of 
science would burn out unless it received new fuel.35 The same 
spirit of innovation based on an ever-widening world of scientific 
understanding was evident in the student body of Stevens Institute 
of Technology. A. M. Clay, a junior at  Stevens in 1874, penned 
a few lines of doggerel that displayed his confidence in the power 
of practical science while betraying his ignorance of classical poetry. 
Eccentric in fact and Eccentric in name; 
To fulfill what we pledge is our ultimate aim; 
To have boldness in action and freedom of mind, 
To be different insooth, from that part of mankind 
Who think they'll gain nothing and even may lose, 
33 Unvublished Reminiscences of Robert Stanton in the New York Public Library. 
34 lbid. 
35 John Pemberton, Jr., "Valedictory Address," Class of 1860 (Troy, N.Y., 1860), 
21. 
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By leaving the tracks of their grandfathers' shoes; 
Who old theories accept, and reject all the new 
Because some old ancestor thought they were true! 
The task is not ours to entirely seek 
For Thucydides' thoughts in the Original Greek!36 
The generation living between 1850 and 1875 witnessed the 
change from textbook and recitation methods of instruction to 
the laboratory and lecture system. The breakup of the fixed cur- 
riculum and the inauguration of elective courses, the broadening 
of liberal arts colleges into specialized professional institutes, the 
growth of graduate programs, the demise of classical studies, and 
the rise of natural science emphasized research and the advance- 
ment of knowledge over the retention of facts and ideas.37 
Presidents Eliphalet Nott of Union College ( 1804-1866), Henry 
Tappan of the University of Michigan (1852-1863)' and Charles 
Eliot of Harvard (1869-1909) expanded the liberal arts cur- 
riculums of their schools, attacking the fixed discipline of com- 
prehensive courses and the corresponding retention of factual 
material emphatically defended by such men as Noah Porter of 
Yale. A leading engineering professor who "acknowledged no 
superior, reverenced no external authority, followed no precedent, 
accepted no tradition and took no counsel of custom or example" 
was William Mitchell Gillespie of Union College in Schenectady, 
New Y ~ r k . ~ ~  Gillespie, with "a keen nose for cant and pretense 
and a fine scorn for ready-made opinions," took charge of the civil 
engineering course in 1845. Prior to this appointment, Gillespie 
attended Columbia, studied and traveled in Europe, and returned 
to New York where he associated with Edgar Allan Poe and his 
literary circle. He followed his travelogue Rome: As Seen by a 
New Yorker in 184344 with the publication of two practical trea- 
tises on surveying and road construction,39 and later translated 
36 A. M. Clay, "Salvete! Salvete!" Eccentric (March 17, 1874). 
37 For a short discussion of the revolution in teaching and schools in 1850-1875, 
see Howard Hong and others, Integration in the Christian Liberal Arts College 
(Northfield, Minn., 1956), 23-39. 
38 See G. H. Genzmer's sketch of William Gillespie in the Dictionary of American 
Biography, VII, 288-89. 
39 A Manual of the Principles and Practice of Road-Making (New York, 1847) 
and A Treatise on Land-Surveying (New York, 1855). 
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part of August Comte's Cours de Philosophie Positive as The 
Philosophy of Mathematics ( 185 1). One of Gillespie's students, 
Cady Staley, succeeded his forrner professor at Union College in 
1868 and served as the dean of the faculty from 1876 to 1886, 
then left to become president of the faculty at the newly created 
Case School of Applied Science. Over the span of his lifetime 
Staley thus was able to witness the transition from classical instruc- 
tion at Columbia to a science curriculum at Union to a professional 
school at Case. 
John Benjamin Henck7s professional life illustrates the same 
transition from a classical scholar to a career in science and 
tecl~nology.~~ Henck, valedictorian of the I-Iarvard clzss of 1840, 
relied upon his classical background to acquire a job as principal 
of the Hopkins Classical School in Cambridge and advanced the 
next year to the University of Maryland as professor of Latin and 
German. In 1848 in order to meet the demands of a growing 
family, Henck left the university and joined the firm of Felton 
and Parker, civil engineers located in Boston. In 1854 he pub- 
lished a Field Book for Railroad Engineers and the next year 
opened his own civil engineering office. He directed the Back Bay 
reclamation project, which added the valuable lands of the Charles 
River basin to the city of Boston. When the Massacllusetts Insti- 
tute of Technology was first proposed, Henck worked closely with 
President William B. Rogers and in 1865 was appointed chairman 
of the Department of Civil Engineering, a position he held until 
1881. In his courses he demanded a "thorough and accurate 
knowledge of science," just as he once had advocated a strict 
knowledge of classical l i t e r a t ~ r e . ~ ~  
B. Franklin Greene, director of Rensselaer Polytechnic Institute 
in the 1850s, said of the Troy faculty, "we are conscious of no 
ambitions to run tilt against Classical Institutions. . . . we have too 
much reverence for those asylums of learning of the middle ages, 
which in spite of political and religious convulsions most dire, 
have preserved to the present." Greene like Henck believed, how- 
40 See Frank A. Taylor's sketch of Benjamin Henck in the Dictionary of American 
Biography, VIII, 5 22 -23 .  
41 Ibid. 
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ever, that man "was not intended to live the life of a monk in his 
cloister.7742 Just as the classics once prepared man for a useful 
professional and social life, so their own times demanded a knowl- 
edge of science and technology. Likewise, Charles W .  Eliot, in 
his inaugural speech as president of Harvard in 1869, promised to 
encourage new methods of instruction and to broaden the classical 
curriculum. The  former professor of analytical chemistry at  M I T  
noted that the university recognized "no antagonism between 
literature and science" and consented to "no narrow alternatives 
as mathematics or classics, science or metaphy~ics."~~ Eliot pointed 
out that the functional aspect of learning was not a sign of vul- 
garity, for even poetry and philosophy conspired "to promote the 
material welfare of mankind." 
The professionalization process by which the engineer became 
a leader in American society was not dependent upon some esoteric 
know-how nor was it only because engineering acquired a learned 
status, but was based on an international movement in educational 
methods and curriculum revision.44 Educators in the United States 
tried to develop in their students an organic attitude toward all 
knowledge along with an insatiable thirst for new ideas. Professors 
like William Gillespie, Charles Chandler, and Benjamin Henck 
and college administrators such as Charles W. Eliot, Eliphalet 
Nott, and Henry Tappan did not set out to clash with or replace 
the classical curriculum but only wished to produce a generation 
of effective leaders who were ready to meet the demands for 
technological advance. They sought to develop both disciplined 
and inquiring minds, and to teach students the means of meeting 
the practical needs of man. A closer look at  two leading technical 
institutions, Rensselaer Polytechnic Institute and Stevens Institute 
of Technology, will indicate the serious consideration and planning 
that made these schools centers for the material transformation of 
American life. 
42 Rensselaer Polytechnic Institute, Engineering and Science series, no. 32 (Jan. 
1931 ) , 23. A reprint of B. Franklin Greene's study, first published in 1855. 
43 ?'he Polytechnic, Dec. 20, 1865; see also Richard Hofstadter and Wilson Smith, 
American Higher Education (Chicago, 1961), 11, 601-24. 
44 See Charles W. Eliot, "Eliot on Scientific Schools," reprinted in Hofstadter 
and Smith, American Higher Education, 11, 624-42. 
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Rensselaer School was founded in 1824 as a postgraduate scien- 
tific institution interested in producing teachers and scientists. The 
emphasis in the early instruction was upon laboratory work, and 
the students were required to present lectures under the direction 
of Amos Eaton, who guided the development of Rensselaer 
through its first years.46 Civil engineering appeared in the curric- 
ulum in 1831, and in 1835 the trustees created a department "for 
the purpose of giving instruction in Engineering and Technology." 
Thus the graduates of Rensselaer became the first in the United 
States to obtain a C.E. degree. 
A survey of Rensselaer graduates during the nineteenth century 
indicates that many became business executives, as well as members 
of other  profession^.^^ The reason for this, perhaps, was not so 
much the content of the curriculum as the emphasis upon solving 
practical problems. Table 4 compares the careers of Rensselaer 
TABLE 4: CAREERS OF RENSSELAER G ADUATES, 1826-1876 
Careers 1826-1 850 1851-1 876 
Businessmen 64 141 
Physicians 37 3 
Educators 31 20 
Engineers 3 1 179 
Lawyers 15 9 
Clergymen 7 2 
graduates before and after 1850. The School at  Troy contributed 
men for many professions prior to 1850, but after midcentury, 
engineers tended to stay in engineering or become administrators 
in the business world. Emphasis upon the process of learning 
rather than the content of knowledge evidently gave the engineer- 
ing student faith in his capacity to tackle the unprecedented. 
John D. Van Buren, who later became New York state engineer, 
claimed in the salutatory address at  Rensselaer in 1860 that the 
aim of the engineer was not mere automation such as practiced 
by a carpenter, mason, and surveyor.47 An engineer took pride in 
46 Rensselaer Polytechnic Institute, Engineering and Science series, no. 45 (Nov. 
1933), 81. 
40 Annual Register of the Remelaer Polytechnic Institute (Troy, N.Y., 1877), 
34-59. 
47 John D. Van Buren, "Salutatory Address," Class uf 1860 (Troy, N.Y., 1860), 7. 
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his industrial accomplishments because they reflected a creative 
mind with concrete ideas. 
Rensselaer graduates received the civil engineering degree after 
investing "much time and money and expense of 'Palladian Oil' " 
which assured them of "prompt employment, at  good wages."48 
Henry Sedley of the class of 1848 praised this "passport to the 
society of educated, scientific and professional men" and told of 
his success in the following words: "In my first four months in 
California, I cleared my professional work, over and above expenses 
about one thousand dollars a month. This was in gold, and it is 
fair to remember that the worker was barely eighteen years of age. 
I am quite convinced that, but for what he learned at this Institute, 
he would not have gained a tenth of the sum named. . . . had the 
young graduate possessed the steadiness or continuity of purpose 
he might have easily brought him a fortune five times over."49 
Sedley paid tribute to the thorough professional training he had 
received at Rensselaer. "The scientific work to be done in this 
hemisphere is practically endless," he added. Not only California 
but the whole nation was an El Dorado for American engineers, 
geologists, and chemists.60 
B. Franklin Greene became director of Rensselaer in 1847. 
After a detailed survey of European technical schools, Greene 
initiated a curriculum revision which he called "polytechnic," a 
term denoting "a series of Special Schools for the complete educa- 
tional training of Architects, Civil Engineers, Mining Engineers, 
and other Scientific Technists-all united under a common organi- 
 ati ion."^^ Greene's reorganization, which enlarged the curriculum 
and divided all courses into three areas, was the most important 
in Rensselaer's history and proved to be a model for many other 
polytechnic schools. Students had to pass through preparatory 
and general programs of fixed courses before they could elect a 
special technical curriculum of advanced study. Actually only one 
48 Claim of President James Forsyth, Troy Times, June 27, 1872. 
49 Proceedings of the Semi-centennial Celebration of the Rensselaer Polytechnic 
Institute (Troy, N.Y., 1875), 71. 
60 Ibid., 81. 
61 Rensselaer Polytechnic Institute, Engineering and Science series, no. 32 (Jan. 
1931), 13. A reprint of Greene's study first published in 1855, B. Franklin Greene's 
The True Idea of a Polytechnic Institute (Troy, N.Y., 1949). 
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advanced field, civil engineering, was available at Rensselaer until 
1886, though the catalogs indicated that students could also elect 
mechanical or topographical engineering. 
The primary aim of the school's curriculum was to supply 
competent engineers by having each student advance through three 
l e ~ e l s . ~ T h e  pr paratory course, according to Greene7s plan, con- 
tained an introduction to physics and chemistry, algebra and 
trigonometry, along with courses in English, history, geography, 
and mechanical drawing. The general course comprised classes in 
advanced mathematics including differential and integral calculus, 
laboratories and lectures in physics, mechanics, and chemistry. 
During this second phase the-instructors continued to emphasize 
clear, concise writing and students began the study of modern 
languages, as well as logic, ethics, aesthetics, and jurisprudence. 
The technical curriculum in civil engineering concentrated on 
construction problems as they related to transporting, building, 
mining, and manufacturing. Chemical and mechanical engineering 
courses were also listed as part of the civil engineering program. 
Though scientifically trained men such as Eaton and Greene 
gave structure and direction to the development of the curriculun~, 
it was not until 1869, when E. Thompson Gales became vice 
president, that the Institute appointed a civil engineer as an 
executive officer. From 1824 to 1866 Rensselaer was administered 
by clergymen-Samuel Blatchford (1825-1828), John Chester (1828- 
1829), Eliphalet Nott (1829-1845), and Nathan S. S. Beman 
(1845-1865). Nott served concurrently as president of Union 
College and made both institutions reputable schools of science. 
A Presbyterian clergyman, Nott was known both for his tem- 
perance publications and his experiments in the conduction of 
heat. For the latter he obtained about thirty patents. 
Beman, Nott7s successor as president of Rensselaer, served dur- 
ing the period in which Greene revised the curriculum and 
"institutionalized7' a civil engineering program. Beman, a contro- 
versial figure in Troy during his long ministry a t  the First Pres- 
52 Proceedings of the Semi-centennial Celebration, 11 5 .  President Forsyth de- 
clared: "Our objective is the Civil Engineer. Young men come here to be made 
engineers, and we must make them, and cannot graduate half a man or one who 
has accomplished but half the course," 
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byterian was moderator of the Presbyterian Church 
General Assembly in 1831, a friend of Charles G. Finney, and a 
"nominal leader of the New School secession in 1838.7754 Greene 
thus introduced new measures in American education at Rens- 
selaer under the administration of a major representative of the 
"revivalist7' school. 
President James Forsyth7s administration placed emphasis up011 
excellence rather than upon numbers. He told an audience in 
1874, "We are in a position where we can get along without 
students better than we can get along without character. After 
fifty years of building up we cannot afford to trifle with our char- 
a ~ t e r . " ~ ~  Forsyth documented his concern for academic standards 
by pointing out that of the sixty-three original students in the 
1874 class only eleven were graduating. By 1874, maintaining the 
scientific life and high character of the school had replaced 
curriculum revision as the major concern of Rensselaer presidents, 
indicating an acceptance of the changes of the past quarter century. 
From the time of Greene7s curriculum revision in 1849 to the 
presidency of Forsyth the institution's course offerings became 
more professional and less liberal. Grecne hoped to introduce 
what he called "compensating or balancing" elements in a course 
that was largely material in its emphasis." Forsyth declared in 
1874, however, that the Institute did not wish to "propose any 
sort of personage as the liberally educated man. Our objective is 
the civil engineer."" The student newspaper, The Transit, stated 
in 1865, "It is no longer considered the highest attainment of 
educated man, to have a knowledge of the dead languages, or to 
follow the weary and intricate reasonings of metaphysic~."~~ The 
school stressed technical excellence and left the cultural develop- 
ment of its students to their own or the commu~lity's efforts. 
The remarkable diary of Alfred IV. Bower, a student at Rens- 
selaer from 1867 to 1871, shows the liberal program of cultural 
53 See Brief Account of the Origins and Progress of the Divisions in the First 
Presbyterian Church in the City of Troy (Troy, N.Y., 1826). 
54 Timothy L. Smith, Revivalism and Social Reform (New York, 1965), 54. 
" Proceedings of the Semi-centennial Celebration, 11 5. 
56 B. Franklin Greene, The True Idea of a Polytechnic Institute, 54. 
57 Proceedings of the Semi-centennial Celebration, 11 5. 
58 Rensselaer Polytechnic Institute Transit, Dec. 20. 
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activities which the Troy community provided the students from 
the hill.6g Bower joined the Young Men's Association in Troy 
and thus gained access to reading rooms and a library of 15,000 
volumes, which he used throughout his student life. His diary 
records that he withdrew such books as Walden, or Life in the 
Woods, Hamlet, Pilgrim's Progress, Colonel Baker's study of explo- 
ration of the Nile tributaries, H. W .  Beecher's Norwood, Richard- 
son's Beyond the Mississifipi and Bracebridge Hall, and Tales of a 
Traveler by Washington Irving. Bower also attended lectures at  
the Young Men's Association and other places in Troy. He heard 
Senator Charles Sumner on the caste system, Toledo editor B. R. 
Locke on democracy, Horatio Potter, Protestant Episcopal Bishop 
of New York, on "Ethics as Applied to Religion," Wendell Phillips 
on temperance, female suffrage, and the immigration of Chinese, 
R. W. Sheldon on "Character," and R. W. Raymond on "Wonders 
of the West." In May 1870 he attended an instrumental concert, 
noting especial appreciation for E. M. Heindl's "Fantasie for 
Flute," and, in May 1872, saw a performance of Hamlet with 
Edwin Booth. He spent many weekends during his years at  Troy 
crossing the river to Albany where he visited the geological and 
agricultural museum and the state library which he described as 
the "most wonderful collection of books I ever saw."60 
Bower, who was raised on a farm near Pleasant Valley, New 
York, never recorded exactly why he wished to be an engineer, 
other than to note that he left the farm in order to become 
successful and useful.61 I t  is evident, however, that next to his 
family and his church, Bower cherished education. After a gram- 
mar school education, he prepared for entering Rensselaer by 
independent study while teaching "winter school'' for seven and 
a half dollars a week. At the end of his rural teaching experience 
he lamented: "finished up my school at  District No. 11 I have 
taught ten weeks, to it I have devoted myself, but alas! I fell in 
with a people who thought more of their own growth in dollars 
and cents than they did of the growth of their children intellec- 
69 Alfred W. Bower Diary (1864-1871) is part of the collection in the archives 
at Rensselaer Polytechnic Institute. 
60 Bower Diary, Sept. 28, 1867. 
61 Bower Diary, Jan. 4, 1868. 
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tually, and who loved their pockets better than their children."62 
During 1866 Bower worked on the farm for twenty-five dollars 
a month, borrowed geometry books, attended temperance and 
prayer meetings, instructed his sisters and brothers, read through 
The Life and Times of Martin Luther, and attended lectures in 
the community by such men as S. J. Frost and P. J. Barnum, the 
latter of whom spoke on "Success in Business." His family pro- 
moted his general education with a gift of Shakespeare's complete 
works. In the fall of 1867 after completing lessons in mathematics 
under a tutor at  Mr. George's school, Bower took the entrance 
examinations at  Rensselaer, paid his seventy-five dollars tuition, 
found himself a room, a kerosene stove, and a place to take meals.03 
Other than his interest in obtaining an education and enlarging 
his knowledge through reading and attending lectures, the strongest 
impulse in Bower's student life, the diary reveals, stemmed from 
his-religious training. He closed each year with a note of solemn 
consecration of his life to the will of God. Living in a time in 
American history when religion was making a national impact, 
Bower attended a professional school that did not provide a daily 
chapel service. He spent his Sundays attending various Protestant 
church services, especially the First Presbyterian Church, the most 
influential congregation in the Troy community. Though Bower 
readily accepted new interpretations of the universe in his chemistry 
and physics classes, his worship was not altered by a wide exposure 
to liturgical form and participation in extrasensory spiritualistic 
exercises.04 Nor did his professional education ever challenge his 
religious beliefs. After attending Rensselaer for three years he 
returned to Pleasant Valley for the summer of 1870 and wrote in 
his diary, "Again did I hear the preached word while surrounded 
by familiar faces, and realized as I have often reflected that second 
to our home it is the dearest place to me.'765 
In addition to his studies and worship Bower also had an 
interest in the political development of this crucial period of 
American history. He was a Republican and rejoiced in such 
62 Bower Diary, Feb. 8, 1867. 
63 Bower Diary, Sept. 12, 1867. 
64 Bower Diary, Dec. 20, 1868, and Nov. 18, 1869. 
66 Bower Diary, June 26, 1870. 
46 Engineering in American Society 
events as Ulysses S. Grant's election as president, a statewide 
Republican victory in Maine, the impeachment of President 
Andrew Johnson, and the passage of the Civil Rights Bill of 1866. 
He attended local political meetings and found the arguments of 
Roscoe Conkling to be "clear, sound, patriotic and convincing" 
while the speech of J. L. Hoofman, Democratic candidate for 
governor to be a "meer [sic] harange, full of assertions and de- 
nouncement and not one a r g ~ m e n t . " ~ ~  After voting on November 
3, 1868, Bower wrote: "Election Day, Hurrah for Grant and 
Colfax. I have just come from enjoying for the first time my 
privilege of elective franchise, and thank God for having placed 
me in a land where all men are kings, where all men are equal and 
alike entitled to life, liberty and the pursuit of happine~s ."~~ 
One can hardly conclude after reading the Bower diary that this 
professional student suffered from a lack of contact with current 
events. Other evidence shows that engineering students were 
exposed to the cultural ideals and humanitarian impulse of nine- 
teenth-century life. The experience of Hezekiah Bissell at Shef- 
field Scientific School paralleled the extracurricular activity of 
Alfred Bower.68 Bissell also attended community concerts and 
political debates, used library facilities, and had an opportunity 
to hear national issues discussed by qualified speakers. 
Rensselaer was an influential school long before Stevens Institute 
of Technology opened its doors in 1871 at the other end of the 
Hudson River in Hoboken, New Jersey. Stevens was organized 
to fill a need that neither Rensselaer nor any other American uni- 
versity supplied, namely, the professional training of mechanical 
 engineer^.^^ 
William A. Shippen and Samuel B. Dod, executors of Edwin A. 
Stevens' will, wished to found a highly competent school of 
scientific engineering that would stress research as well as instruc- 
t i ~ n . ~ ~  Abram S. Hewitt, son-in-law of Peter Cooper, the founder 
66 Bower Diary, Oct. 5, 6, 1868 
67 Bower Diary, Nov. 3, 1868. 
6s See Hezekiah Bissell Reminiscences at  the Smithsonian Institute. 
69 Franklin D. Furman, ed., Morton Memorial: A History of Stevens Institute of 
'Technology (Hoboken, N.J., 1905), 1. 
70 Ibid., 98. 
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of Cooper's Union, recalled that he had talked with Edwin A. 
Stevens about endowing "a higher institution which would start 
where the mechanic ended" and produce "leaders of modern 
enterprise and the captains of industry.'771 Samuel Dod, a Pres- 
byterian clergyman and a brother of Stevens7 widow, visited tech- 
nical schools in Europe and mining and engineering schools in the 
United States before selecting Henry Morton to help him lay out 
the campus, select a faculty, plan a course of instruction, and 
purchase laboratory e q ~ i p m e n t . ~ ~  Though none of the school's 
early literature referred to the system of "polytechnic" instructiori 
developed at Rensselaer, its curriculum was obviously patterned 
after Greene7s revision of 1850. The course of study followed the 
same threefold sequence-preparatory, general, and technical study 
-while a high school located on the campus prepared students to 
enter the i n ~ t i t u t e . ~ ~  
Like the curriculum, the policy of admissions at Stevens was 
also structured to attract capable students. Candidates had to 
pass preliminary examinations in trigonometry, algebra, geometry, 
grammar, geography, composition, and universal history.74 To 
avoid any confusion with Cooper's Union, a training school for 
mechanics, the early catalogs of Stevens announced additions to 
the library and laboratories along with the scholarly publications 
of the Every mechanical engineer was expected to have 
a knowledge of French and German so that he could avail himself 
of the latest discoveries found in foreign scientific  periodical^.^^ 
Instruction in Italian, Spanish, and Portuguese enabled the Stevens 
graduates to work "in the promising countries of South America, 
where the lack of practical science" provided many opportunities. 
The catalogs outlined an extensive curriculum in the areas of 
71 Ibid. 
72 Ibid.. 149. 
73cataiogue, Stevens Institute of Technology (1871), 16-20. 
74 Ibid.. 23. 
75 TheTlibrary included full sets of the Philosophical Transactions of the Royal 
Society, The Comptes Rendus of the French Academy, the Philosophical Magazine, 
Taylor's Scientific Memoirs, Engineering, The Engineer, The Mechanics Magazine, 
Cosmos Les Mondes, Annales de Chimie et de Physique, Chemical News, Silliman's 
Journal, The Journal of the Franklin Institute, Nature, Poggendorff's Annalen, and 
Carl's Repertorium. 
76 Catalogue, Stevens Institute of Technology, 29, 
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mathematics, physics, chemistry, metallurgy, languages, mechanical 
drawing, belles lettres, and mechanical engineering with individual 
professors responsible for courses in each area. Indicative of the 
academic imagination of the first faculty was the announcement 
that students interested in theoretic rather than applied science 
could earn a Doctor of Philosophy degree in chemistry and phys- 
i c ~ . ~ ~  The first faculty was supplemented by prominent engineers, 
scientists, and manufacturers who presented public lectures on 
recent research and innovations in their fields. The  public lectures 
in 1871 included both technical and scientific papers by George 
F. Barker of Yale, Stephen Alexander of Princeton, Charles F. 
Chandler of Columbia, Coleman Sellers of Philadelphia, J. E. 
Hilgard of the United States Coastal Survey, Alexander S. Holley 
of Troy, and A. M. Mayer, Henry Morton, and A. R. Leeds of 
st even^.^^ 
The Hoboken school was fortunate in obtaining Henry Morton, 
editor of the Journal of the Franklin Institute, as president. An 
administrator who was not only knowledgeable in his own field 
of chemistry and capable of attracting and sustaining a reputable 
faculty, Morton was also effective in building public support for 
the new institution and spent the rest of his life and much of 
his income at the task. The faculty he gathered assured a 
promising future for the new college. One of the most distin- 
guished was Alfred M. Mayer, whom Henry A. Rowland listed in 
1899 along with Benjamin Franklin, Benjamin Thompson (Count 
Rumford), and Joseph Henry as the four American physicists 
worthy of international rec~gni t ion .~~ Mayer published over one 
hundred articles reporting his experiments in acoustics, heat, 
magneticism, electricity, and optics, contributed numerous articles 
for Appleton's Nay Cyclopaedia and Johnson's Cyl@aedia, and 
was the author of six standard  textbook^.^^ One of Mayer's col- 
leagues, C. W. MacCord, who taught mechanical drawing, had 
worked nine years as a draftsman for John Ericsson. While at  
77 Ibid., 39-40. 
78 Ibid.. 25-26. Topics varied from the nebular hypothesis to friction in journal 
bearings. 
79 Nathan Reingold, Science in Nineteenth Century America (New York, 1964), 
234-35. Henry A. Rowland was president of the American Physical Society in 1899. 
80 Furman, Morton Memorial, 204. 
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Stevens, MacCord invented many drafting instruments such as the 
protracting centrolinead and the elliptograph. He designed a 
hoisting machine and an oblique rack and wheel, tested the teeth 
of water wheels, and wrote articles on the nature of his inventions 
and the construction of m a ~ h i n e r y . ~ ~  C. F. Kroeh, who taught in 
the department of languages, translated many of Mayer's and 
Morton's scientific articles into German and French and increased 
the availability in English of many Italian, French, and German 
scientific works. ~ r o e h  published his own German reader and 
wrote numerous articles that summarized the research of others.82 
President Morton, who had gained fame as a public lecturer on 
science while he was professor of chemistry at  the University of 
Pennsylvania, continued his research and teaching in H ~ b o k e n . ~ ~  
He demanded and exemplified good judgment, sound scholarship, 
and a broad awareness of the impact of science and technology on 
American life.84 Professor A. R. Leeds, who taught geology and 
metallurgy, published thirteen articles on his research into the 
chemical composition of minerals and water during his first few 
years at  Stevens. A sampling of the titles of his research included 
"The Spectroscopic Examination of Silicates," "The Dissociation 
of Certain Compounds of Very Low Temperatures," and "On 
the Volumetric Determination of Chlorine with Standard Silver 
Solution and Potassic C h r ~ m a t e . " ~ ~  
The most active faculty member at  Stevens was the professor of 
mechanical engineering, Robert Th~rs ton .~"  Thurston graduated 
from Brown University, with a certificate in civil engineering in 
1859, served in the navy during the Civil War, and then became 
chairman of the Department of Natural and Experimental Philoso- 
phy at the Naval Academy. Just as West Point had developed a 
81 "Contributions to Science," Catdogue, Stevens Institute of Technology (1876), 
53-54. 
82 Ibid., 55-57. 
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good introduction to civil engineering, so Annapolis had adjusted 
to the age of steam by teaching mechanical engineering. Thurston 
brought prominence to Stevens through his scholarship, his interest 
in professional standards, his research in engine design, and his 
concern for government testing and regulation of machine parts 
and manufactured goods. He directed the founding of the Ameri- 
can Society of Mechanical Engineers in 1880 and became its first 
president. In 1885 Andrew D. White appointed Thurston as 
director of Sibley College at Cornell. He reorganized the engi- 
neering curriculum at Ithaca, and in eighteen years saw the staff 
increase from 11 to 43 members and the student body from 63 
to 885.87 
By 1875 scientific education had become so respectable that a 
contracting and consulting engineer such as A. P. Boller could 
openly criticize the lack of knowledge within so so-called learned 
professions. Though Boller, who was vice president of Rensselaer, 
admitted that the traditional professions, like old wine, had the 
flavor of age to recommend them, he also believed that men had 
"learned that there is very little nutriment in the polite mustiness 
of antiquity, and that it should be administered in the era of 
education in homopathic doses."ss Boller explained to his audience 
that the new education had become a basic part of the curriculum 
in every major professional and liberal arts college in the nation 
and that the time was ripe "for science to assert itself in every 
legitimate direction, and demand a seat on the Olympian Height, 
so long occupied by law, medicine and theology.778g A fresh 
approach to learning gave engineers status and security from which 
they could challenge the relevancy and conservatism of the 
classical  profession^.^^ 
87 See sketch of Robert Thurston in Dictionary of American Biography, XVIII, 
518-20. 
88 Proceedings of the Semi-centennial Celebration, 3 3 .  
89 A. P. Boller used the term new education employed earlier by Charles W. 
Eliot, "The New Education," Atlantic Monthly, XXIII (Feb. 1869), 203-20, XXIII 
(Mar. 1869), 358-67. 
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It  is evident, therefore, that the administration, faculty, and 
many students at Rensselaer and Stevens were as concerned about 
scholastic achievement as professional success. Both schools pat- 
terned their curriculums after European institutes. Their courses 
reflected an international exchange of information, attracting stu- 
dents from South America, the Orient, Canada, and Europe, and 
preparing them to live and work in a cosmopolitan society. The 
great advance that the United States made in technology in the 
generations after 1876 was in a great measure due to the intel- 
lectual climate and functional competence of Rensselaer and 
Stevens. 
An engineering graduate, however, would soon fall behind if he 
relied entirely upon his formal education. He needed a continuing 
program of learning to keep pace with a rapidly expanding fund of 
technical knowledge. Professional societies provided this constant 
exchange of technical information. The American Society of 
Civil Engineers was reorganized in 1868 under determined leaders 
who emphasized "the advancement of science and practice in 
Engineering, the acquisition and dissemination of experimental 
knowledge, the comparison of professional experience, and the 
encouragement of social intercourse among its members."91 The 
Society not only arranged for the discussion and publication of 
formal papers and a review of current literature but also developed 
a reference library around the personal collection of William 
McAlpine. Members were asked to contribute old and new copies 
of government, municipal, railway, canal, and other reports, includ- 
ing specifications, profiles, maps, and photographs, so as to facili- 
tate comparative studies and to preserve the historical record of 
important public work~.~"ach of the Society's monthly Proceed- 
ings contained a section entitled "Library and Museum," listing 
about a hundred acquisitions. 
The early presidents of the Society believed that knowledge 
was the principle means by which engineers could maintain their 
status and authority. In his presidential address of 1868, William 
McAlpine boasted that engineering was the noblest profession 
91 "Announcement," Transactions A.S.C.E., I ( 1872),  140. 
92 Ibid., 102. 
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because its collective intellect had breadth and depth as well as 
the capacity to put its thought to immediate use for the benefit of 
all mankind. He noted that the world had become too educated 
to tolerate charlatansg3 The Society discussed the possibility of 
requiring each new candidate to present a thesis on some pro- 
fessional subject and to require from all members the annual 
contribution of a paper, description, or drawing of some work of 
intereske4 Though the officers never enforced this policy, they did 
succeed in making the Society an educational center for the 
profe~sion.~~ 
In 1874 the organization appointed a committee to investigate 
the courses of instruction in American higher education leading 
- - 
to the civil engineering degree, and to recommend minimum 
curriculum standards. The committee's report, however, advocated 
that the Society leave the formal education of engineers in the 
hands of the schools of higher education, with each institution 
free to construct its own curriculum. The schools would naturally 
watch one another's progress, and faculty members would be 
sensitive to the "criticisms of men in active life."96 Moreover, the 
committee added, engineering had become a recognized profession 
because of the schools of engineering; the American Society of 
Civil Engineering owed its existence t o  their development. The  
new organization should not, therefore, attempt to set standards 
for the academic community which had brought it into being. 
They endorsed the promotion of broad culture in engineering 
schools, urging them to emphasize theoretical over practical courses, 
so as to give "a solid basis upon which to build the professional 
s t ruc t~re ."~~ 
In June 1874, Thomas Clarke compared European technological 
education with American in a paper that evoked a spirited debate 
on the increasing problem of specialization within the profession. 
Clarke noted that in England an engineer began his training with 
93 "Address of Hon. William J. McAlpine," Transuctions A.S.C.E., I (1868), 47. 
94 Ibid., 49. 
96 President Julius Adams referred to the certificate of membership in the Society 
as a diploma. Proceedings AS.C.E., I (1873), 19. 
96 "Course of Instruction for Students in Engineering," Proceedings A.S.C.E., 
I (1874)' 96-97. 
97 Ibid., 97. 
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a practical apprenticeship under an established practitioner, then 
enrolled later on in an educational institution. In France, by 
contrast, the candidate received an extensive theoretical education 
before he began to work in the real world of men and machines. 
In the United States, Clarke noted that the current tendency had 
been toward European methods.98 With what he called a "wise 
eclecticism" Americans had combined the advantages of both 
systems, mixing practice and theory both in the classroom and on 
the job. Because of increasing specialization, however, Clarke 
suggested that an engineer first obtain a general knowledge of 
science, then go into the field or shop for an exposure to the prac- 
tical aspects of civil, electrical, mechanical, and metallurgical engi- 
neering, and only thereafter enter a professional school where he 
could concentrate on the area in which he was most interested 
and qualified. 
Members of the Society attacked Clarke's suggestion as being 
too ideal for materialistically inclined American students. One 
member, Francis Collingwood, noted that students of law, medi- 
cine, and theology did not enter practice before the completion of 
their technical training.9g Clarke replied that these traditional 
professions combined the practical with the theoretical; the student 
of theology worked in the church, the student of medicine practiced 
in the clinic, and the student of law attended court and helped 
in the office, but that it was difficult to combine the large and 
usually distant projects of engineering with formal study in 
laboratories and classrooms.100 Clarke also argued that his program 
would eliminate unnecessary courses like integral calculus from the 
engineering curriculums. Collingwood agreed that an engineer 
perhaps did not use higher calculus often, but he saw a need for 
"the keenness of thought which results from the precise applica- 
tions and broad generalizations incident to that study."lOl Another 
member, Professor E. A. Fuertes, agreed that most engineers of 
note had some specialty that was a result of the problem-solving 
9s Thomas C. Clarke, "The Education of Civil Engineers," Transactions A.S.C.E., 
111 (1874), 255-56. 
99 Ibid.. 263. 
100 Ibid., 288. 
101 Ibid., 263. 
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function of the profession. Fuertes suggested that if the Society 
would recognize the existence of specialized fields of engineering, 
it would help "to shake off the numberless tradesmen, machinists, 
surveyors, and rule-of-thumb men" who found shelter "under the 
elastic or ductile name of Civil Engineer."lo2 
Though Collingwood and Clarke could not agree on the best 
method to train engineers for specialized positions, they did agree 
that the aim of education was less that of gathering or adding to 
knowledge, than of "leading, drawing out, and developing the 
natural powers."lo3 Fuertes joined in criticizing those institutions 
whose chief aim seemed "to load down the memory with a mass of 
facts, instead of trying by a systematic process, to bring out the 
analytic and synthetical faculty, to educate and control the imagina- 
tion, and to develop accurate and thorough habits of observation." 
They agreed that the schools should teach the youth how to learn, 
for mere technical fitness did not insure success. Professional 
eminence depended, moreover, upon "business capacity and tact" 
and the ability to "use language elegantly and NO 
one questioned Clarke's conclusion that the purpose of education 
was to develop the ability to observe, to strengthen practical 
judgment, and to teach the capacity to generalize.lo5 Such values 
were essential to a technological culture, in which the Jeffersoniail 
goals of life, liberty, and the pursuit of happiness and the Jack- 
sonian emphasis upon equality, individual enterprise, and physical 
labor as well were somehow out of date. 
Those who discussed Clarke's paper assumed the educational 
value of practical experience. This training had become so routine 
that it closely represented an apprenticeship system. Many men 
actively engaged in engineering practice in the years 1850-1 875 
remembered the time when the engineer was a craftsman or a 
tradesman. William McAlpine, whose father was a millwright, 
noted that the "men of the old school" had become engineers 
"from a natural bent of mind and an intense love of the develop- 
ments of the physical sciences." Formal training in mathematics 
102 Ibid., 261. 
103 Ibid., 263. 
104 Ibid., 262. 
105 Ibid., 258. 
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and science, according to McAlpine, was the major factor in 
lifting engineering "from a trade to the dignity of one of the 
liberal professions."lo6 McAlpine had himself been apprenticed to 
John B. Jervis for eight years after which he served as chief 
engineer of the Erie Canal, chief engineer of the Brooklyn Dry 
Dock, state engineer of New York (1852-1857), chief engineer of 
the Erie Railway (1852-1857), the Chicago and Galena Railroad 
(1857), and the Ohio and Mississippi Railway (1861-1864). Despite 
his lack of formal education, McAlpine became a consulting engi- 
neer for many of the major public works of the period. He helped 
plan city water systems for Chicago, Brooklyn, Buffalo, Montreal, 
Philadelphia, San Francisco, and Toronto; bridges for St. Louis, 
Niagara, and New York; the Manchester Ship Canal in England; a 
railway in India; and navigation on the Danube River. 
McAlpine7s mentor, John B. Jervis, likewise urged the American 
Society of Civil Engineers to fuse the recently developed program 
of formal scholastic study with the apprenticeship system. Jervis, 
who was one of America's early canal and railroad engineers, 
addressed the Society in 1869 on the transition of engineering 
from a craft to a profession. He suggested that future engineers 
study mathematics, mechanical philosophy, hydraulics, and existing 
structures, then enter the field under the direction of an experienced 
professional.lo7 This was similar to the advice that William Gil- 
lespie gave his students at Union College. He suggested that after 
graduation they "take the lowest position in some engineering 
corps, that of rodman, and only then expect to work up gradually 
to the rank of chief engineer."lo8 
Some exceptional engineers in the period 1850-1875 attained 
professional status through the apprenticeship system without 
attending a college. Isham Randolph, for example, son of a notable 
Virginia family, reached college age during the Civil War, when 
schools were closed. In 1868 he decided to apprentice as an engi- 
neer; five years later he became a resident engineer for the Baltimore 
and Ohio Railroad. In the 1880s he was chief engineer for the 
106 "Address of Hon. William J. McAlpine," 55.  
107 John B. Jervis, "Address Delivered at the First Annual Convention," Trans- 
actions A.S.C.E., I (1869), 135.  
108 Daniel Calhoun, The American Civil Engineer, 47. 
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Illinois Central and in 1893 was appointed chief engineer of the 
Sanitary District of Chicago. He thus attained a national reputa- 
tion through an effective apprenticeship training, combined with 
continual study and persistent work.lo9 
Most engineers advanced through four stages of apprenticeship 
training. The first level was that of axman or rodman, the second, 
transitman or levelman, the third was assistant, resident, or division 
engineer, and the fourth, chief engineer. Many such as Thomas N. 
McNair and Albert Robinson, who grew up during the early days 
of professionalization, attended college first, then passed through 
the apprenticeship system. Robinson graduated from the Univer- 
sity of Michigan with a degree in civil engineering, remained to 
earn a Master of Science before he was hired in 1871 by the 
Atchison, Topeka and Santa Fe. He stayed with the same company 
for most of his career, working his way through the jobs of axman, 
rodman, levelman, assistant engineer, and chief engineer. After 
twenty-two years he became vice president and manager 
of the railroad."O 
Thomas N. McNair7s mining career was similar. He originally 
wished to attend Williams College in Williamstown, Massachu- 
setts, but spent a fruitless year trying to fulfill the rather stiff 
admissions requirements in Latin and Greek grammar, Virgil and 
Cicero's orations, the commentaries of Caesar, and the Greek New 
Testament. He never mastered the classical languages, and left 
Williamstown in 1846 with the conviction that a man must learn 
for himself.lll After a brief period of teaching in the common 
schools, which netted at best sixteen dollars a month, McNair 
began apprenticeship training as an axman for John C. Mitchell 
on the Pennsylvania Canal. In 1853 he became a rodman under 
W. R. Maffet on the North Pennsylvania Railroad where he 
learned to use the rod, compass, and level, but had little chance 
to operate the transit since many other members of the crew had 
seniority.l12 During the next seven years McNair learned the 
109 See sketch of Isham Randolph by Burr Arthur Robinson in the Dictionary of 
American Biografihy, XV, 359. 
110 See sketch of Albert Robinson by Wendell H. Stephenson in the Dictionary of 
A&a Biography, XVI, 33-34. 
111 James B. McNair, With Rod and Transit (Los Angeles, 1951), 32. 
"2 Ibid., 95. 
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methods of mining, railroad, and canal construction under a variety 
of engineers including the well-known Martin Coryell. McNair 
obtained full professional status in 1860 when he became a chief 
engineer on the Maryland and Delaware Railroad. 
Advancement to the position of chief engineer was never a 
routine matter. Such a man had to demonstrate the capacity to 
work under political and economic pressure, as well as to display 
technical competence. One newly appointed chief engineer wrote, 
"The responsibility came upon me like a thunder bolt, which 
caused a rather curious sensation . . . a sharp sudden pain on the 
upper left side of my head, that never ceased for weeks until I got 
thoroughly acquainted with the work of my new position."lls 
The apprenticeship system trained young men in careful habits 
of observation and note-taking. The mobility of the profession 
demanded that notebooks should be so precise and clear that at  
any moment they could be turned over to a successor who would 
be able to understand them as well as the author. As many literary 
men recorded their ideas and experiences in notebooks, so also 
leading engineers documented their intellectual growth by sys- 
tematically noting new information.l14 
The apprenticeship system selectively advanced and rewarded 
only those blessed with an alert mind and administrative capacities. 
The apprenticeship system taught executive skills, but turned back 
students who were ineffective leaders. 
The "new education" with its emphasis upon discovery and 
research fostered a great expansion of publication. The idea that 
publication was a necessary part of academic life also prevailed 
among engineers. To  print up formally the results of a projec! 
or the proposal for a new design not only prepared the ground for 
prospective capital but also eliminated the necessity of answering 
countless letters from other engineers throughout the world who 
wished to accumulate technical descriptions, cost analyses, produc- 
tion methods, and other details for similar projects. The publishing 
house thus served as an institution of higher learning where engi- 
113 Robert B. Stanton, "Reminiscences," RLS. 
114 The notebooks of James B. Francis, chief engineer of the Lowell Locks and 
Canals, are a good example of an engineer's daily log of reading and experiments. 
They are at the Baker Library, Harvard. 
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neers registered for a lifelong curriculum of reading and writing 
without expecting ever to graduate. 
The relatively short career of Alexander Holley, who before he 
was thirty years old designed and built the first Bessemer steel 
plant in the United States, illustrates how vital the printing press 
was to the development of engineering. After graduating with a 
civil engineering degree from Brown University in 1853, Holley 
worked in the machine shops of the Corliss Steam Engine and 
the New York Locomotive Works. There he began to publish for 
the Railroad Advocate and became acquainted with its editor, 
Zorah Colburn. Later he took over Colburn's periodical and 
renamed it Holley's Railroad Advocate. When the depression of 
1857 ended this publishing venture, Colburn and Holley collected 
money from railroad executives and took a factfinding trip to 
Europe. This was the first of about a dozen voyages Holley made 
across the Atlantic to investigate and report on technological 
advancements. After his return to the United States in 1858 he 
wrote his first book, The Permanent Way and Coal-burning Loco- 
motive Boilers. Henry J. Raymond, founder and editor of the 
New York Times, thereupon retained Holley as a staff member. 
Between 1858 and 1875 the youthful editor wrote about three 
hundred articles for the Times touching upon all aspects of tech- 
nology in American society. During the Civil War, while Holley 
was working for the benefactor of Stevens Institute of Technology, 
he made two trips to England to investigate ironclad steamers and 
ordinance, and brought back the rights to build a Bessemer plant 
for Winslow and Griswold in Troy, New York.l16 
Holley's publications established his future as "the foremost 
steel plant engineer and designer in the United States" and resulted 
in his being made a consulting engineer for such firms as Lambrian 
Iron Company, Bethlehem Iron Company, Ohio Iron and Steel, 
and the Lacawanna Iron and Steel Company.'l6 He helped 
design Bessemer plants at  Harrisburg, North Chicago, and Joliet, 
1x6 His r e ~ o r t  for Edwin A. Stevens was published as Ordinance and Armour 
(New York, I865 ) . 
116 See sketch of Alexander Holley by Carl W. Mitman in the Dictionary of 
American History, IX, 148-49. 
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the J. Edgar Thomson plant in Pittsburgh, and the Vulcan Iron 
Works in St. Louis. Later he served as president of the American 
Institute of Mining Engineers in 1875-1876 and was a founder of 
the American Society of Mechanical Engineers. 
Two publishers, Zerah Colburn and Van Nostrand, issued 
journals which summarized and reprinted the latest articles on 
science and engineering. Religious periodicals such as the Ameri- 
can Church Review, which had attempted to keep abreast of 
significant technical literature prior to the Civil War, discovered 
that they could not find space to record the outpouring of reports, 
books, and treatises that the technological revolution was pro- 
ducing. 
An examination of the personal correspondence of Octave 
Chanute, chief engineer of the Kansas City Bridge (1867-1868), 
reveals how the printing press became an important tool in the 
work of a construction engineer.l17 Whenever Chanute confronted 
a new problem, he requested Van Nostrand's to send any available 
technical materials dealing with his specific needs. He also ordered, 
at premium prices, complete sets of periodicals such as Engineering 
and meanwhile subscribed to Van Nostrand's Eclectic Engineering 
Magazine, the Journal of the Franklin Institute, the London pub- 
lished Engineer, The Nation, The Week, Putman's Monthly, and 
The Railroad Times. In 1868 Chanute suggested to Henry Morton 
that the Journal of the Franklin Institute publish the formal papers 
being prepared for discussion by the reactivated American Society 
of Civil Engineers, but the society made arrangements instead to 
publish their own Transactions.ll8 
Chanute7s work on the Kansas City Bridge evoked much interest 
in the profession, part of it flowing from his argument with 
William McAlpine in the Franklin Journal over proper foundation 
construction. After completion of the project Chanute and his 
assistant George Morison wrote The Kansas City Bridge, a book 
describing the technical aspects of spanning the Missouri River. 
Chanute continued his research and reading even in retirement 
117 Octave Chanute papers, Library of Congress. 
11s Octave Chanute to Henry Morton, Nov. 20, 1868, OCP. 
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when he became interested in the gliding experiments of Otto 
and Gustav Lilienthal.l19 
One might expect an extensive search for new ideas and a 
willingness-to discuss formally new techniques from an immigrant 
engineer such as Octave Chanute; however, Elmer Corthell, a 
native American engineer trained in a liberal arts college, also 
boasted a large cosmopolitan library. Corthell accumulated over 
twelve hundred volum~s, about three-fourths of them connected 
with his work on the Syn Island Levee; Eads7 South Pass Jetties; 
the New York, East Shore and Buffalo Railroad; Eads' Tehuantepec 
Ship Railroad scheme; the St. Louis Merchants Bridge; the Chicago, 
Madison and Northern Railroad; harbor improvements at  Tampico, 
Mexico; public works in Buenos Aires; and commercial projects in 
Para, Brazil. He published many articles in foreign and domestic 
newspapers, popular journals, and technical periodicals, and also 
issued in 1880 his History of the Jetties at the Mouth of the Mis- 
sissippi River (1880).120 
In order to help engineers in their roles as working intellectuals, 
publishing firms encouraged them to communicate their ideas 
clearly and effectively. Van  Nostrand's Eclectic Engineering Maga- 
zine advocated that all members of the profession be required to 
pass an examination in composition, arguing that all great leaders 
of history have had the capacity to communicate with clarity.121 
Just as the curriculums at Rensselaer and Stevens required four 
years of training in composition as well as an understanding of the 
contemporary languages of Western Europe, so also the technical 
press urged engineers to speak and write with clarity. Effective 
communication was central to explaining plans, promoting new 
projects, and issuing instructions to subordinates and subcon- 
tractors. 
The need to communicate effectively with corporation trustees, 
119 While in his sixties Chanute published Aeriul Navigation (New York, 1891) 
and Progress in Flying Muchines (New York, 1894) and experimented with the 
"delightful sensation" of gliding through the air. 
120 See a list of his books in the Corthell collection in the New York Public 
Library. 
121 "Examination of Civil Engineers," Van Nostrand's Eclectic Engineering Mag- 
azine, I (Feb. 1869). 
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political leaders, the general public, and common laborers often 
brought engineers a greater sense of frustration than the pressure 
to publish or to keep abreast of new ideas. Herman Haupt, for 
example, left his position during the Civil War in despair over his 
inability to convince military superiors of the necessity to secure 
patent rights for bridge trusses.122 John Ericsson also complained 
about the responsibility of an engineer to double as a professor. 
Ericsson said that it was enough work to design new engines and 
machines and to supervise every step of their construction without 
having also to write out detailed instructions on how to start, stop, 
maintain, and repair them.123 Washington Roebling, who was an 
eyewitness of the Monitor-Merrimac battle, blamed the outcome 
of that famous sea fight on the lack of technical understanding 
among the men who commanded the Monitor. As their responsi- 
bilities multiplied, engineers found it necessary to design machinery 
and public works so that they would function without extensive 
supervision and highly trained personnel. 
At the turn of the century George Morison, a Harvard graduate 
who entered the profession as an assistant engineer on Octave 
Chanute's Kansas City Bridge in 1865, observed while looking back 
over his career, that the age of "Yankee ingenuity" based on a 
general "knowledge of what has been done" had been replaced 
by persistent study and observation.124 Simple honesty and hard 
work would no longer assure success. The ability to organize, skill 
in communication, knowledge of a broad array of scientific prin- 
ciples, and the capacity to analyze and modify technical problems 
had become indispensable. Engineers acquired these through a 
whole community of schools, professional associations, and appren- 
ticeship experiences. Classical training had given way to the new 
education which was concerned with changing the future rather 
than knowing the past. Specialization and utilitarianism were its 
benchmarks. The nation's colleges trained young men not simply 
because they wished to be scholars, but because scholars were 
122 W. A. Roebling to J. A. Roebling, Aug. 15, 1862, JAR. 
123 John Ericsson letter of Dec. 1858, JEP. 
124 George S. Morison, The New Epoch as Develmd by the Manufacture of 
Power (Boston, 1903), 93. 
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necessary to "the good of the community."125 Specialization had 
made the professional and academic communities more dependent 
upon one another. Polytechnic education, like technological growth, 
fostered an urban world and compelled men to expand their knowl- 
edge and experience beyond a study of esoteric subjects. 
The education of engineers, then, rested upon a combination 
of formal learning and practical experience. Members of the new 
profession were aware that their prestige and status were dependent 
upon an ability to assimilate, organize, and communicate useful 
information. Consequently, engineers became intellectuals who 
combined disciplined study with practical experience. Scientific 
discoveries, professional advancements, public criticism, and admin- 
istrative innovations constantly tempered their knowledge and 
understanding. The learning process of the engineer was never 
complete. An international complex of schools, colleges, institutes, 
faculties, curriculums, printing presses, editors, professional soci- 
eties, and fellow engineers furthered the practical means by which 
the new profession could reduce manual labor, improve transporta- 
tion and communication, and raise the standard of living. 
125 Ibid., 105-106. 
3: The Professional Executives 
The engineering profession provided American society with its 
first professional executives. The ability to organize, to eliminate 
inefficiency, and to guide the actions of others characterized the 
salaried engineer. His relationship with a particular corporation 
was typically that of a consultant, hired to direct preliminary surveys 
and to present written proof of his recommendations. If his pro- 
posals were accepted, the engineer drew up the plans, sublet con- 
tracts, secured administrative personnel, and scheduled the pur- 
chase of materials necessary for the venture. He was often then 
retained to supervise construction and to organize the first opera- 
tions. Few companies made a distinction between his role as 
planner and builder and his position as executive in charge of 
operations and maintenance. I t  is not surprising, therefore, that 
many engineers moved up from positions as manager or super- 
intendent to become chief executive of some of the nation's first 
large public and private corporations. 
The qualifications of the engineer for management responsibility 
included technical knowledge, practical judgment, and administra- 
tive experience. The formal education prepared engineers to think 
in the cause-and-effect patterns that were necessary to organize and 
maintain the daily operations of an impersonal and complex 
corporate institution. Engineers controlled the entire construction 
of railroads, canals, water systems, roads, iron and steel mills, and 
harbor improvements. Firsthand, detailed knowledge of the trans- 
actions involved in the establishment of such enterprises as these 
prepared members of the profession to make the crucial judgments 
necessary to the successful functioning of the projects. Before 
long, other American institutions from banks to universities recog- 
nized the administrative abilities of engineers and appointed them 
to senior executive positions.l 
Good executives had the ability to ask questions and to analyze 
reports and also the courage to support valid decisions. James Eads 
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and Elmer Corthell, for example, questioned the validity of an 
interoceanic canal across Central America. They proposad instead 
to transport seagoing ships from ocean to ocean by rai lr~ad.~ Their 
first argument was comparable cost. Utilizing a set of eight or ten 
railway tracks that would pull a vessel out of the water and over 
dry land was cheaper than constructing a system of locks. A second 
factor was time; construction of a railroad would require only one- 
fourth as many days as a canal. The third argument centered on 
accuracy of estimates; railroad costs were easier to predict. Finally, 
the cafiacity of the Eads and Corthell Tehuantepec Ship Canal 
could be readily expanded. Engineers such as Eads and Corthell 
brought a professional perspective to the management of business 
and joined a technical knowledge of operations with a concern for 
economic returns. 
Leading members of the profession readily accepted administra- 
tive responsibilities. The pressures of management did not disil- 
lusion them, for previous encounters with realistic decisionmaking 
had hardened most engineers to the frustrations of executive life. 
Their professional training in fact impelled them to concentrate 
their energies on scientific management a quarter of a century 
before Frederick Taylor and Frank Gilbreth popularized time-and- 
motion studies. In a technological society, the key to power was 
no longer land, nor the control of labor, nor the accumulation of 
capital, but the ability to plan, operate, and maintain complex 
industrial  enterprise^.^ Engineers held that key, as their early 
treatises on the theory of management Continuous study 
1 W. W. Morris, a member of the board of trustees of the public schools in 
Louisville, Ky., observed in 1874 that Rensselaer graduates enjoyed a national 
reputation for their ability and that they occupied "a foremost position in the general 
management" of American business enterprises. Polytechnic, I (Oct. 9, 1869), 7. 
2 E. L. Corthell, Interoceanic Problem and Its Scientifk Solution (New York, 
1885). 
3 See John Kenneth Galbraith's discussion of the place of management in modem 
economic history in The Liberd Hour (New York, 1964), 3344. 
4 Albert Fink, "Cost of Railroad Transportation," The lournal of the Railway 
Association of America, I (Oct. 1874); Martin Coryell, "The Production of Tra5c 
and the Transportation of Freight and Passengers," Transactions A.S.C.E., I1 (1873), 
240; Arthur M. Wellington, The Economic Theory of the Location of Railways 
(New York, 1877); Herman Haupt, Annual Reports of Pennsylvania Railroad 
(Philadelphia, 1855, 1856); Alfred F. Sears, "Methods of Reducing the Cost of 
Railroad Construction," Transactions A.S.C.E., I1 (1873), 1; Charles Ellet, Essay 
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and discussion of management practice prepared those with execu- 
tive experience to open their own offices as consultants to business 
corporations. Their services often included the evaluation of the 
management practices of other engineers. 
By spanning the continent with transportation and communica- 
tion networks and equipping cities with municipal utilities, engi- 
neers helped create a vast demand for managers who were ac- 
quainted with the technical operation of the resulting corporations. 
As early as 1849 stockholders at the annual meeting of the Penn- 
sylvania Railroad questioned the need for a company president, 
since the planning, execution, and responsibility for growth and 
operation already resided with the chief engineer.6 By 1893, of the 
108 men who had graduated from Rensselaer between 1850 and 
1875, almost 30 percent held titles of president, vice president, 
manager, or s~perintendent.~ Sixty-four others held the title of 
chief engineer, which in most corporations was an administrative 
post analogous to manager or superintendent. Thus almost half 
of the graduates were by that time professional executives. Though 
many of these were railroad managers, the list included administra- 
tors of iron and steel mills, banks, railroad and telephone companies, 
machine shops, cotton mills, gas and iron works, coal, copper, iron 
and gold mines, woodpulp mills, and general manufacturing, 
bridge construction, dredging, oil, fertilizer, furnace, shipbuilding, 
and electric companies. 
Herman Haupt, a leading executive and a management con- 
sultant, graduated from West Point in 1835 at the age of eighteen, 
and three months later resigned his commission to undertake a 
on the Laws of Trade (Richmond, Va., 1939); John B. Jervis, Railway Prowty: 
A Treatise on the Construction and Management of Railways (New York, 1861); 
Octave Chanute, "Rapid Transit and Terminal Freight Facilities," Transactions 
A.S.C.E., IV (1875), 1; E. L. Corthell, A History of the Jetties at  the Mouth of 
the Mississipgi River (New York, 1880). Though this is only a small sampling of 
formal papers, articles, and books, the literature is immense, for management 
techniques were discussed in almost every annual report engineers submitted. The 
most famous of these was Albert Fink's Annual Report of the Louisville and Nash- 
ville Railroad for 1874 (Louisville, Ky., 1875 ) . 
6 George H. Burgess and Miles C. Kennedy, Centennial History of the Pennsyl- 
vania Railroad Company (Philadelphia, 1949), 55. 
6Partial Record of Graduates of the Rensselaer Polytechnic Institute (Troy, N.Y., 
1893), 5-14. 
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civilian engineering career. Haupt spent the next fourteen years 
locating railroads in Pennsylvania, studying the principles of bridge 
design, teaching mathematics, and writing his first book, General 
Theory of Bridge Construction. In 1849 he became superintendent 
of transportation of the Pennsylvania Railroad where he was 
responsible for organizing the accounting methods of the expanding 
system. After serving two years as general superintendent, he 
succeeded J. Edgar Thomson as chief engineer. His fourth and 
fifth annual reports to the Pennsylvania Railroad were two of the 
first contributions to the literature of scientific management.7 He 
worked out both a system of monthly purchases to sustain coal, 
lumber, and iron shops along the railroad line, and a policy of 
fixed and variable items of business expense, which enabled the 
company to analyze carefully its monthly income. This study 
resulted in a policy of reducing rates in the slack season. During 
this period Haupt also served as a consultant to various New 
England railroads, where he introduced some of the management 
practices which had proved successful on the Pennsyl~ania.~ 
While supervising the Hoosac Tunnel project, Civil War broke 
out and Haupt accepted the office of chief of construction and 
transportation for the United States military railroads. He refused 
either pay or official rank, so that he could maintain his freedom 
as a management con~ultant .~ In the 1870s Haupt served as chief 
engineer of the Shenandoah Valley Railroad, general manager of 
the Richmond and Danville Railroad, and a founder of the South- 
ern Railway and Steamship Association. In 1876 he directed the 
construction of a pipeline from the Allegheny Valley to Eastern 
distribution centers along a route often blocked by the strong 
opposition of the Standard Oil Company. Later he served as gen- 
eral manager for the Northern Pacific Railroad and president in 
turn of the Dakota and Great Southern Railroad, the General 
Compressed Air and Power Company, and the National Nutrient 
Company. Haupt's executive positions did not constitute a second 
7 See Frank Abial Flower's preface to Herman Haupt, Reminiscences of General 
Herman Haupt (Milwaukee, Wis., 1901 ) . 
8 Ibid., xvii. 
9 See sketch of Herman Haupt by J. H. Frederick in the Dictionmy of American 
Biography, VIII, 401. 
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career, for they were normal extensions of his earlier training and 
experience. 
Railroads were America's first large corporations and dominated 
much of nineteenth-century social and economic life.1° The rail- 
road that eventually became the largest in the United States, the 
Pennsylvania, owed nearly its whole development to engineering 
executives.ll Three mechanical and six civil engineers were chosen 
as presidents of the Pennsylvania Railroad between 1846 and 1946, 
and directed the system during ninety-one of its first hundred years. 
J. Edgar Thornson's administration, lasting from 1852 to 1874, 
was the most significant.12 Thomson gained his professional train- 
ing under his father, a civil engineer employed in constructing 
public works in Delaware and New Jersey. After fifteen years as 
chief engineer on the Georgia Railroad, the younger Thomson 
joined the Pennsylvania in 1847, while the railroad was extending 
its line to Pittsburgh in an attempt to compete with the New 
York Central and the Baltimore and Ohio for western business. 
His criticism of the financial affairs of the company, printed in 
the Philadelphia papers the day of the stockholders' annual meeting 
in 1852, led to his election as president.13 For the next twenty-two 
years he managed both finances and operations and expanded the 
system to key centers in the East, South, and Midwest.14 After the 
completion of the main line to Pittsburgh in 1856, Thomson 
negotiated a contract by which all the state-owned canals and rail- 
roads in Pennsylvania came under his control. He then began to 
extend into the Midwest and by 1871 Pennsylvania tracks served 
Chicago, Grand Rapids, Toledo, St. Louis, Louisville, and Cincin- 
nati. Through a lease of the United Companies of New Jersey he 
secured a terminus on New York harbor. After building a line into 
the nation's capital, Thomson acquired one-sixth interest in the 
Southern Railway Security Company, increasing the Pennsylvania's 
influence in the South. By 1874 the corporation had become so 
10 Alfred D. Chandler, Jr., The Ralroads: The Nation's First Big Business (New 
York, 1965). 
11 See ~ " r ~ e s s  and Kennedy, Centennial Histoly. 
12 Ibid., v. Martin W. Clement, eleventh president of the Pennsylvania Railroad, 
wrote the preface to this official history. 
13 Ibid., 59. 
14 See chapter on Thomson in Burgess and Kennedy, Centennid History, 61-340. 
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complex and involved that the stockholders, who had enjoyed an 
8 to 10 percent annual cash dividend since 1861, asked for a special 
investigation of the company's holdings and financial condition. 
Though they issued their 240-page report shortly after Thomson's 
death in 1874, the account was a tribute to his executive leader- 
ship.16 He had consolidated competing lines adding close to six 
thousand miles of track and canals, while increasing the gross 
revenue from two million dollars in 1852 to over forty million 
dollars in 1873.18 The consolidation process initiated by Thomson 
in the third quarter of the nineteenth century became a dominant 
feature of eveIy large corporation in American life.17 
George Stark, like J. Edgar Thomson, was an engineering execu- 
tive who developed the confidence of the community and built a 
railroad system into a national influence. The Nashua and Lowell 
hired Stark in 1853 as superintendent and when this system joined 
with the Boston and Lowell he became general manager. Not only 
did the corporation and the public recognize Stark as a good 
executive but the New Hampshire Railroad Commission also 
praised his management.18 Stark, however, did not return the 
compliment. He felt that the Commissioners were hardly in a 
position to judge railroads, for they were not familiar with cost 
analysis and lacked the technical training to understand the physical 
condition of the railroad.19 He advocated that both the governor 
and the courts appoint "competent persons," namely, engineers, 
for a thorough supervision, or abolish the office of Railroad Com- 
missioners. 
The year 1873 was crucial not only for the Pennsylvania Railroad 
but also for many less stable corporations whose stockholders 
questioned their financial affairs that year.20 During the panic that 
16 Ibid., 347. 
18 Ibid., 799-800. 
17 Allan Nevins, The Emergence of Modern America, 1865-1878 (New York, 
1927), 63; Alfred D. Chandler, Jr., "The Beginnings of 'Big Business' in American 
Industry," Business History Reviav, XXXIII (Spring 1959), 1-31. 
18 Report of the Railroad Commissioners of the State of New Hampshire, June 
Session, 1861 (Concord, 1861 ) , 40. 
19 George Stark to Onslow Steams, June 14, 1862, Nashua and Lowell papers. 
20 Allan Nevins states that eighty-nine railroads were among the five thousand 
commercial failures in 1873. But the succeeding years were just as disastrous: 
5,830 failures in 1874, 7,740 in 1875, and 9,092 in 1876. See The Emergence of 
Modern America, 290-99, 303. 
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followed the failure of t::c Jay Cooke banking firm, many established 
companies were forced into the hands of receivers, as creditors 
demanded cash for loans on call. The sudden shortage of capital 
compelled railroads to halt construction and take a careful look 
at their operational procedures. The image of the businessmen as 
a shrewd speculator was discredited and the cry for competent and 
efficient managers sounded through the land. The  result was an 
annus mirabilis for the engineering profession. Thus John H. 
Devereux, who became president of the Big Four (Cleveland, 
Columbus, Cincinnati and Indianapolis Railroad) and a receiver 
of the Atlantic and Great Western, replaced the businessmen and 
speculators who had brought these enterprises to the brink of 
disaster. In an address to the American Society of Civil Engineers 
in Louisville, Martin Coryell blamed the mismanagement of rail- 
roads on the predominance of "successful manipulators of legisla- 
tures, operators on Wall Street," and "speculators who get up 
corners in stock," who had shown little interest in investigating 
"the scientific basis" on which railway transportation depends. He 
recommended that boards of directors stoptrying to make money 
through capital gains and instead hire managers who could make 
the roads operate at a profit.21 
The same year Edwin L. Godkin complained of "The Growth 
of Corporate and Decline of Governmental Power" and argued 
that must attract men who could administer their 
affairs by scientific methods.22 Godkin's argument had hardly been 
published before New York reorganized its Board of Health and 
placed a chemical engineer, Charles F. Chandler, in charge. Before 
the year ended, outraged property owners filed suits against the 
city for over $600,000 in protest against the regulations Chandler 
created in his attack on filth and pollution.23 Chandler, who earned 
his M.A. and Ph.D. in chemistry at  Gottingen and was dean of the 
Columbia School of Mines, served as commissioner and president 
of the New York Metropolitan Board of Health for ten active years. 
Working through the Board of Health he developed solutions to 
21 Coryell, "The Production of Traffic," 249-50. 
22 E. L. Godkin, "The Growth of Corporate and Decline of Governmental Power," 
Nation, XVI (May 15, 1873), 328-29. See discussion of Godkin in Sidney Fine, 
Laissez Faire and the General Welfare State (Ann Arbor, Mich., 1964), 55.  
23 Marstan Taylor Bogart, "Public Servant," Perkin Medal Address, 1920, CFP. 
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urban health problems caused by rapid industrialization and mass 
immigration. 
Not all engineers were as successful as Devereux and Chandler 
in implementing administrative decisions. The correspondence of 
William Hutton, who was vice president and general manager of 
the Dunn Point and Baltimore Railroad during the Panic of 1873, 
records the great difficulty he had paying outstanding accounts, 
retaining engineers and contractors, and carrying out a previously 
planned program of expansion.24 The board of directors authorized 
him to raise funds in any manner possible, but refused "to furnish 
anything upon which money could be attained.7725 In desperation, 
Hutton sent his chief engineer, William Goldsbrough, through the 
countryside in an attempt to collect sufficient payments on private 
subscriptions to enable construction to proceed to the point where 
guarantees from county and state funds could be paid. He finally 
resigned out of frustration at the unwillingness of the board of 
directors to take responsible action in settling the obligations of 
the company.26 
The problems arising from the tangled affairs of the Erie Railway 
prompted its board of directors to appoint Octave Chanute as 
general manager in 1873. The Erie had become one of the most 
spectacular chapters in public finance in the decade after the Civil 
War.27 Daniel Drew, Jim Fisk, and Jay Gould had neglected 
operations and maintenance in favor of wholesale stock manipu- 
lation. By 1873 it was difficult to find any man willing to take on 
the task of putting the railroad back into operation. Chanute 
reorganized the operations of the road, leveled the grades, doubled 
the track, standardized the gauge, and coordinated the freight 
loads with proper motive power.28 While he was general manager, 
Chanute published numerous papers on the cost of railroad opera- 
tions reflecting his studies of tonnage and passenger rates.29 He 
24 See William Hutton Letterbook for 1873, WRH. 
25 William Hutton to F. L. Baueda, Nov. 21, 1873, WRH. 
26 William Hutton to J. G. Butler, April 28, 1875, WRH. 
27 Charles Francis Adams, Jr., and Henry Adams, Chapters o f  Erie (Ithaca, N.Y., 
1956). A reprint of Chapters of  Erie and Other Essays (New York, 1886). 
28 E. H. Mott, Between the Ocean and the Lakes: T h e  Story of Erie (New York, 
1899), 231. 
29 Octave Chanute, "The Elements of Cost of Railroad Freight Traffic," Trans- 
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also participated in the study of "Rapid Transit" which the Ameri- 
can Society of Civil Engineers made for the city of New York in 
1 874.30 
Chanute's background of experience in management had been 
a broad one, including designing the Chicago Stock Yards. In the 
early 1860s numerous individual stockyards in Chicago were remote 
from each other and inconvenient for both shippers and buyers. 
The companies united to employ Chanute, who soon turned 345 
acres of worthless swampland in South Chicago into a miniature 
city with banking accommodations, hotel, animal hospital, fire 
department, weighing facilities, seven miles of streets, sewer and 
water lines, and feeding pens for l ive~tock .~~ Nine converging 
railroads soon made Chicago one of the world's largest meat 
processing centers. After the stockyards project, Chanute became 
chief engineer of the first bridge across the Missouri River at Kansas 
City, a million-dollar undertaking begun in 1865. Next he applied 
his growing executive talents to the development of Kansas City 
as a center of midwestern trade and commerce.32 He consolidated 
the Kansas City stockyards in 1871, became a director of the First 
National Bank, a consultant to many new communities around 
Kansas City, and chief engineer of five railroads building lines 
across the state. When he left Kansas in 1873 to assume the 
management of the Erie, one editor called him the state's "ablest 
engineer" and one of its "irreplaceable leaders."33 
The assumption of industrial leadership by such engineers as 
Thomson, Haupt, and Chanute initiated a managerial revolution. 
One aspect of this was a verbal war with an established old guard, 
actions A.S.C.E., I1 (1873), 381; "On the Form, Weight, Manufacture and Life 
of Rails," Transactions A.S.C.E., 111 (1874), 87; IV (1875), 136; V (1876), 327; 
"Railway Signals," Transactions A.S.C.E., IV (1875), 147; "Efficiency of Railroads 
for the Transportation of Freight," Transactions A.S.C.E., XI1 (1883), 138, 180; 
"Uniformity in Railway Rolling Stock," Transactions A.S.C.E., XI (1882), 291. 
30 Chanute, "Rapid Transit," 1. 
31 "The Union Stock Yards of Chicago," IUinois State Agriculturctl Society, VI 
(1865-1866), 314. 
32 Chanute is usually remembered in American history as the aeronautlcaI engineer 
whose gliding experiment made possible Orville and Wilbur Wright's successful 
airplane flight. His interest in aeronautics, however, was developed in retirement 
after a very active and enterprising career as a civil engineer, city developer, business 
executive, and consultant. 
33 The Daily Evening Call, Quincy (Kans.), March 10, 1873. 
72 Engineering in American Society 
made up of entrepreneurs, political leaders, investors, and capitalists. 
The new professionals came armed with technical training, admin- 
istrative experience, well-prepared statistical studies, and opera- 
tional plans. They also displayed a strong sense of personal integrity 
and public responsibility. There is no doubt who began the con- 
flict. Engineers had been openly opposing the management prac- 
tices of "lay" leadership for a quarter century before 1873. For 
example, a few years before J. Edgar Thomson openly challenged 
the leadership of the Pennsylvania Railroad in 1852, Samuel Nott, 
chief engineer of the Manchester and New Hampshire Railroad, 
clashed with the directors over the responsibilities of a chief 
engineer. The board of directors hired Jonathan T. P. Flint as 
superintendent, giving him the authority to "make contracts, 
approve bills, draw money from the Treasury and generally to 
superintend all operations of the completed railroad."34 Nott, who 
had previously been responsible for handling all the accounts, hiring 
laborers, and ordering materials, became subordinate to the super- 
intendent. He refused to admit the right of the directors to limit 
his "engineering functions" and resigned when they refused to act 
upon his recommendations. 
In the succeeding quarter century almost every engineer partici- 
pated in this conflict between laymen and professionals. In 1860, 
Alfred W. Craven, chief engineer of the Croton Aqueduct, 
declared publically that the plans and execution of the city's water 
system could not be made subordinate to the will of the mayor of 
New York City who was merely a "layman" with political aims of 
his own.86 
A year later John B. Jervis published Railway Property: A Treatise 
on the Construction and Management of Railways where he argued 
that the engineering profession by reason of its experience and 
education was more qualified to direct the operation of railways 
than any other group. He pointed out that effective management 
of the thirty thousand miles of railway already constructed, repre- 
senting an investment of over one billion dollars, was a greater 
34 Samuel Nott Letterbook, vol. 4, Feb. 6, 1849. The Nott papers are in the 
Baker Library, Harvard. 
35 "The Mayor and the Croton Aqueduct Engineer," Engineer (Sept. 13, 1860), 
35. 
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challenge to engineers than the construction of new lines. Members 
of his profession, Jervis wrote, displayed "prudent habits, sound 
practical sense and fidelity,'? and, more important, they were incap- 
able of a "pretentious assumption of knowledge, claiming to 
understand everything." By contrast, shrewdness was the major 
talent of a lay manager, an attribute that fell far short of the 
technical knowledge, supervisory experience, and acquaintance with 
the economics of production needed to run the emerging corpora- 
t i ~ n . ~ ~  One "shrewd" method of producing wealth was to mis- 
represent the financial status of a corporation. Mendes Cohen 
resigned his position as president of the Ohio and Mississippi Rail- 
road in 1864 because the board of directors altered the figures he 
had prepared for the consideration of the  stockholder^.^^ The 
Weekly Vincenms Western Sun also joined the attack on Cohen, 
labeling his introduction of scientific management practices a 
Jewish conspiracy to cut costs and attributing his concern for 
efficiency to a love of money shared by all the descendents of 
J ~ d a s . ~ ~  
During the Civil War many engineers made contributions to 
this managerial revolution. Charles Ellet, who had described 
new managerial techniques as early as 1839 in his Essq  on the 
Laws of Trade, criticized the logistics organization of the Union 
leadership in The Army of the Potomac a d  Its Mismanagement 
(1861 ) and the Military Incafiacity and What If Costs the Country 
(1862). The next year Herman Haupt helped to solve some of 
these logistical problems, displaying the same competence by which 
he had solved operational problems for private railroad corpora- 
tions. In 1864 Haupt published an essay in which he argued that 
good management was not limited to a close accounting for all 
expenditures; it required also the effective combination of modern 
technology with available men and improvised materials.ag Com- 
munication, according to Haupt, was the key to managerial suc- 
cess. This was especially true of wartime construction projects, 
36 Jervis, Railway Property, 247-48. 
37 See sketch of Mendes Cohen by Katherine Clendinning in the Dictionmy of 
4merican Biography, IV,  275-76. 
38 The Weekly  Vincennes Western Sun, April 16, 1864. 
39 Herman Haupt, Military Bridges (New York, 1864). 
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where administrators could not expect to have skilled craftsmen in 
their employ. Daniel McCallum, successor to Haupt as the director 
and superintendent of military railroads, also understood well that 
communication was the key to correct execution. As a general 
superintendent of the Erie Railway, McCallum previously had 
initiated a system of personnel management which was widely 
imitated.40 He carefully defined the duties and responsibilities of 
each job and the lines of communication through which decisions 
were to be a n n ~ u n c e d . ~ ~  Many other engineers such as Samuel 
Felton, Montgomery Meigs, John Devereux, Frederick W. Lander, 
and Gustavus Smith helped make the Civil War, not only the 
first modern war, but the first one to use the techniques of industrial 
management to mobilize men, weapons, and supplies and so bring 
the great strength of the Union to bear upon the military task. 
The practices of corporation engineers thus became the source of 
the managerial concept of total war. 
By 1873 federal officials, city politicians, speculators in stocks, 
businessmen, and corporation executives were aware of the capa- 
bilities and willingness of engineers to master the details of effective 
management. Meanwhile, the directors of the American Society 
of Civil Engineers, anxious to set down in writing the experience 
and knowledge gained from a quarter century of warfare with 
municipal, state, federal, and corporate lay administrators published 
a list of subjects that needed immediate attention. One-third of 
the topics dealt with transportation problems, especially with the 
economics of conveying freight, passengers, and supplies.42 Alfred 
F. Sears responded with an article on "Methods of Reducing the 
Cost of Railroad Construction," in which he concluded that the 
excessive cost of operating American railroads was caused by 
inefficient lay management. A common practice, Sears wrote, was 
"to set forward as president a simple-minded, credulous man, of 
fair reputation for integrity," who possessed the confidence of the 
40 Chandler, The Railroads, 98. 
41 See sketch of Daniel McCallum in the Dictionary of American Biogrdphy, XI, 
565-66. During the war he was responsible for 2,105 miles of track, 419 locomotives, 
633 cars, and a construction corps of about ten thousand men. In three years 
McCallum's expenditures for labor, materials, and maintenance totaled nearly forty 
million dollars. 
42 "Report of the Committee on Library," Proceedings A.S.C.E., I1 (1874), 51,  
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community, but whose "vanity and weakness of m i n d  made him 
a tool of the Executive Committee. The professional engineer, 
"placed thus between knave and a fool," soon found himself "at 
the mercy of a single man, unscrupulous, tyrannical, and success- 
f ~ 1 . " ~ ~  Sears wrote that "ignorance, conceit and corruption7' in 
boards of directors combined with the "political jobbery and 
cunning" necessary to secure the issue of state, county, and 
municipal bonds had debauched railroad construction. 
Though the "war" was not over in 1873, capitalists increasingly 
gave way to the fresh group of revolutionists who assumed general- 
ship of industrial development. By the time Frederick Taylor 
commenced his time-and-motion studies for Andrew Carnegie in 
1880 the value of consulting and permanently retaining professional 
engineers as executives had been well established. 
The founding patriarch of the managerial revolution was Albert 
Fink, who was called "the father of railway economics and statistics 
in the United  state^."^^ Contemporaries thought he combined 
the practical administrative qualities of George Washington with 
the capacity to compose the theoretical justification for revolution 
attributed to Thomas Jefferson. Fink, the son of a German archi- 
tect, attended the polytechnical school in Darmstadt before emi- 
grating to the United States in 1848.45 Three years after his arrival 
he built over the Monongahela River at Fairmont, West Virginia, 
the longest railroad bridge in the United States, consisting of three 
spans, each 305 feet long. Later, while working for the Baltimore 
and Ohio, he originated the famous "Fink" truss for bridge con- 
struction. In 1870 he became vice president of the Louisville and 
Nashville Railroad, where he turned his attention to financial man- 
agement, studying the economic relationships between the volume 
of business, fuel and interest charges, cost of construction, and 
passenger and freight rates.46 
43 Sears, "Methods of Reducing the Cost of Railroad Construction," 1, 13. 
44 See sketch of Albert Fink in the Dictionary of American Biography, VIII, 
387-88. 
45 Ellen Fink Milton, A Biograbhy of Albert Fink (New York, 1951). 
46 Albert Fink's two brothers, Rudolph and Henry, also emigrated to the United 
States and became successful administrators. Henry reorganized seven bankrupt 
railroads and became president of the Norfolk and Western. Rudolph built the 
first railroad from Mexico to the United States and became its president. In 1883 
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During the revolution of 1873 Albert Fink published his annual 
report for the Louisville and Nashville Railroad which proved to be 
a declaration of managerial techniques. His report entitled "The 
Cost of Transportation" became the theoretical proof that engi- 
neers were professional  executive^.^^ By using cumulative records 
and by maintaining an admirable system of accounts, Fink was 
able to determine the cost of every item connected with railroad 
operation. He then attempted scientifically to give precise eco- 
nomic meaning to such terms as ton mile, passenger per mile, and 
train per mile.48 Pointing out the different variables in determining 
rates, Fink explained how the main stem of the Louisville and 
Nashville could move one ton of freight one mile for 1.78 cents 
while the same ton of freight on the Glasgow branch would cost 
19.09 cents. Five variables, he said, must be examined in any 
scientific approach to railway management: the character of the 
road, the cost of labor and material, the speed of the trains, the 
amount and nature of the business, and the cost of capital invest- 
ments and equipment.49 This system of "control through statistics" 
has become the "hallmark of modern corporate administrati~n."~~ 
Fink applied his system of cost analysis to the management of 
the three largest railroad federations of the post-Civil War era, the 
Southern Railway and Steamship Association, the Trunk Line 
Association, and the Western Executive C ~ m m i t t e e . ~ ~  These 
"pools" of cooperative management attempted to solve one of the 
major problems of railway administration, that of defining equitable 
rates. Fink's office maintained about sixty-five clerks to collect 
data and publish statistics for the railroads belonging to the federa- 
t i ~ n . ~ ~  He believed that the instability of railroad corporations 
he took over the failing Memphis and Little Rock Railroad, put it on a paying 
basis, and then assumed the presidency. 
47 Alfred Chandler, Jr., has called this report "the foundation stone of American 
railway economics." The Railroads, 100. 
48 Albert Fink, "Cost of Railroad Transportation, Railroad Accounts, and Gov- 
ernmental Regulation of Railroad Tariffs" (Louisville, Ky., 1875). 
49 Fink. "Cost of Railroad Trans~ortation," 48. 
50 chandler, The Railroads, 99. ' 
61 Gabriel Kolko, Railroads and Regulation, 1877-1916 (Princeton, N.J., 1965), 
9, 10, 17, 18, 19. 
62 G. T. Gilchrist, "Albert Fink and the Pooling System," in Viaos of American 
Economic Growth: The Industrial Era, ed. Thomas Cochran and Thomas Brewer 
(New York, 1966), 70. 
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arose from unequal competition. A railroad company could declare 
bankruptcy and continue to operate without any obligation to pay 
either interest or dividends. Such a corporation could afford to 
lower its rates and force competing railroads also into bankruptcy. 
Fink proposed that "the combinations between railroad companies 
should have for their simple purpose the prevention of a war on 
rates."63 
As the manager of America's first large railroad federation, Fink 
was concerned that the trend toward consolidation of what he 
called "the soulless co rpo ra t i~n"~~  would give freer play to monopo- 
listic evils. On the other hand, he believed that his administration 
resulted in greater public service and economy. Fink reasoned that 
the preeminent position of the United States came from the rail- 
ways of the country, which made possible the growth in immigra- 
tion and the development of mineral, manufacturing, and agricul- 
tural wealth.55 According to this argument, these corporations 
could only continue to spread their benefits if the "evils of dis- 
crimination, fluctuation and confusion" that result in "public 
injury" and corporate bankruptcy could be placed under proper 
regulation. Thus, he suggested that all the financial statistics of 
large railroad corporations be made public, and that state or federal 
investigators be given power to adjist irregularities. The state had 
the power to intervene, Fink argued, because the sale of state, 
county, and municipal bonds formed a large share of the capital 
railroads used to construct their lines. Consequently, railroads owed 
their existence to the taxes paid by citizens of the state, and these 
corporations should not object to representatives of the people 
investigating the use of state funds. Fink justified his leadership in 
cooperative pools as a self-inflicted form of corporate regulation, 
but was willing to turn over his management to a government 
agency which would have wider control and more effective means 
of enforcing fair rates.66 
When Octave Chanute, Rudolph Fink, and H. G. Prout wrote 
53 Albert Fink, "The Railroad Problem and Its Solution," a reprint of Fink's 
statements before the Cullom Committee, AFP. 
54 Fink, Annual ReDort of the LouisvilIe a d  Nashville Railroad for 1874, p. 30. 
55 Fink, "Cost of Railroad Transportation," 22. 
66Fink, "The Railroad Problem and Its Solution." This included Fink's testi- 
money on the Reagen bill before the United States Senate in 1878. 1879. 
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the "Memoir of Albert Fink" for the American Society of Civil 
Engineers, they explained that Fink's work formed the transition 
from the stage of industrial expansion to the stage of technological 
organization. 
The unscrupulous, the "smart," the corrupt railroad officers began to 
sink in relative numbers and power, and the men of high professional 
spirit became relatively more numerous and more influential. The theory 
that railroads were merely private properties, worked only for the profit 
of owners, or often for the personal gain of officers, began to give away 
to the theory that railroads are quasi-public institutions enjoying valuable 
powers and privileges received from the State, and having corresponding 
duties and obligations to the State. The theory of the control of rates 
and services by competition broke down and began to give place to the 
theory of control by combination.67 
The authors of the "Memoir7' believed the decade between 1870 
and 1880 was the critical period when the attitude of those who 
controlled railroad properties changed "toward other railroads, 
toward society and toward the State," and Albert Fink had more 
to do with bringing about this change, they said, "than any other 
dozen men.7768 
After 1873 engineers continued to refine the theory and develop 
the practice of corporation management. Arthur Mellen Welling- 
ton published Methods for the Computation from Diagrams of 
Preliminary and Final Estimates of Railway Earthwork in 1874. 
During the next two years he wrote a series of articles on railroad 
management which he published in book form in 1877 under the 
title The Economic Theory of the Location of Railways. This 
treatise went through a half dozen editions and became the 
standard monograph on railway location.69 During the 1880s Well- 
ington was engineer in charge of surveys for the Mexican National 
Railway and held editorial positions on both the Railroad Gazette 
and Engineering News. He continued to serve as management 
consultant, advising public and private commissions on transporta- 
57 Octave Chanute and others, "Memoir of Albert Fink," Transactions A.S.C.E., 
XLI (1898). 626. 
68 ibid. ' 
69 See sketch of Arthur M. Wellington by T. T. Read in the Dictionary of 
American Biography, XIX, 634, 
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tion problems in Nicaragua, Buffalo, Toronto, Boston, and Jamaica. 
Another engineer who made his mark upon management prac- 
tices during this period was Alexander Johnston Cassatt, scion of 
a wealthy Pittsburgh family and a brother of the American painter 
Mary C a s ~ a t t . ~ ~  For two years after his graduation from Rensselaer 
in 1849 Cassatt worked as a railroad engineer in Georgia. Then he 
joined the Pennsylvania Railroad and advanced steadily, becoming 
general superintendent in 1870, third vice president in charge of 
traffic and transportation in 1873, first vice president in 1880, and 
a director in 1882. From 1885 to 1899 Cassatt was president of 
the New York, Philadelphia and Norfolk Railroad, serving mean- 
while as an executive consultant for trust and insurance companies. 
In 1899 he became president of the Pennsylvania Railroad, the 
second graduate of Rensselaer Polytechnic Institute and the fourth 
engineer to occupy that position. 
Cassatt contributed much to the efficiency of the Pennsylvania 
system. He conducted exhaustive tests on the use of the airbrake 
a i d  extended service by purchasing such roads as the Philadelphia, 
Wilmington and Delaware and Long Island Railroads. He built 
Pennsylvania Station so as to bring the railroad from the west bank 
of the Hudson into the heart of New York City. When Cassatt 
became president, the Pennsylvania system consisted of 126 com- 
panies, all with separate bookkeeping systems.s1 He simplified this 
complex structure through internal consolidation. He also faced 
the crisis of a new war on freight and passenger rates. When the 
Interstate Commerce Act of 1887 outlawed pooling systems, such 
as those managed by Albert Fink, shippers began to play one rail- 
road against another by insisting on rebates. In order to combat 
the immense pressure brought by such large shippers as Carnegie 
Steel Company, Cassatt subscribed to the "community of interest" 
agreements whereby railroads purchased sufficient stock in com- 
peting lines to assure the end of rebate discrimination. In three 
60 Henry B. Nason, ed., Biographical Record of  the OfFcers and Graduates of  the 
Rensselaer Polytechnic Institute, 1824-1886 (Troy, N.Y., 1887), 321. See also 
chapter on Alexander J .  Cassatt in Burgess and Kennedy, Centennial History, 455-513, 
and sketch o f  Cassatt by Frank H .  Dixon in the Dictionmy o f  American Biography, 
111, 564-67. 
61 Burgess and Kennedy, Centennial History, 509. 
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years Cassatt spent over 110 million dollars purchasing stock in the 
Baltimore and Ohio; Reading; Chesapeake and Ohio; and Norfolk 
and Western  railroad^.^^ This was only a temporary solution, how- 
ever, for Cassatt led the fight for the Elkins Amendment in 1903, 
which promised to give the Interstate Commerce Commission 
power to enforce its findings against indiscriminate management 
practices.63 
Thompson's idea of consolidation and Fink's plan of confedera- 
tion anticipated federal regulation. When octave Chanute toured 
Europe in 1875 he noted that the question of the relationship of 
railways to the state was occupying minds in France as well as in 
other countries.64 However, Chanute found concern among Euro- 
pean engineers that unless the federal or state governments hired 
competent executives, regulation would raise havoc with railroad 
efficiency. In America, the experiences of railroad executives with 
federal administrators in the Post Office Department had not been 
encouraging. When George Stark, a New England engineer, be- 
came manager of the Boston, Lowell and Nashua Railroad, he 
declined to carry the mail for the rates the government was willing 
to pay. He also felt that any attempt to regulate the transportation 
of goods and people should only be made by competent of f i~ ia l s .~~  
The Nashua Gazette, discussing the open hearings on the manage- 
ment of the Nashua Railroad in 1867, spoke of "hack politicians" 
trying to "redress grievances, real or imaginary."66 The main com- 
plaint was that George Stark had refused to handle the mails. The  
paper supported his position, pointing out that the post office was 
not using an equitable system in determining its rates. Stark asked 
the post office for $225 per mile per annum and when it refused, 
he gave it one year to make other arrangements. Albert Fink took 
the same position on October 2,1876, when he submitted a solution 
to the Special Commission on Railway Mail Transportation on the 
problem of mail rates, declaring that as long as railroad construc- 
62 Ibid., 460. 
63 Kolko, Rdroads and Regulation, 97. 
64 Chanute Diary, 1875, OCP. 
65 Stark to Onslow Steams, June 14, 1862. Nashua and Lowell Papers, Baker 
Library, Harvard, vol. 11 3, pp. 683-84. 
66 Nashua Gazette, March 7, 1867. 
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tion, labor, material, operation, and maintenance were not uniform 
there could be no uniformity in the compensation of mail rates.67 
Fink explained that the mail tariff would have to follow the same 
general formula of ton-mile cost that he was attempting to provide 
for the railroad federations. 
Many engineers served on municipal, state, and federal regulatory 
commissions after 1873. Frederic Stearns began work as a municipal 
consultant in 1872 on water supply systems for New York City; 
Baltimore; Los Angeles; Hartford, Connecticut; Providence, Rhode 
Island; Rochester, New York; Winnipeg, Canada; Worcester, 
Massachusetts; and sewer systems for chicago, Baltimore, and Pitts- 
Another engineer, Alfred Noble, after graduating from the 
University of Michigan in 1870, worked on the Sault Saint Marie 
locks and on government commissions under such well-known 
bridge engineers as William R. Hutton, Elmer L. Corthell, and 
George S. Morison before opening a consulting office in Chicago in 
1894. He then served on the Nicaragua Canal Commission, Deep 
Waterways Commission, Isthmian Canal Commission, Panama 
Canal Commission, and as adviser to the state engineer of New 
York, the Galveston Seawall, the New York subways, the Pearl 
Harbor Dry Dock, the new Welland Canal, the Quebec Bridge, the 
Catskill Aqueduct, and many other projects that usually involved 
either state or federal government.'j9 I t  is evident that engineers 
found federal regulation to be an effective instrument in promoting 
technological advancements. 
Growing industrial demands and technological specialization 
combined with the call for professional executives to create a 
shortage of engineers, which helped establish the position of the 
consulting engineer. He opened an office in one of the large metro- 
politan centers after having perhaps stepped down as president or 
chief engineer of some large firm. The consulting engineer waited 
for corporation executives to come to him for advice, for special 
67 Albert Fink, "Investigation into the Cost of Passenger Traffic on American 
Railroads with Special Reference to Cost of Mail Service and Its Compensation" 
(Louisville, Ky., 1876). 
68 "Memoir of Frederic P. Stearns," Transactions A.S.C.E., LXXXIII (1920), 
2132. 
69 "Memoir of Alfred Noble," Transactions A.S.C.E., LXXIX (191 5) ,  1352. 
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projects and reports, and for evaluations of complex and involved 
investments that had already been worked out by company engi- 
neers or executive officers. He also was available for arbitration 
and the investigation of technical failures, for advice in legal suits, 
and as an authoritative voice in government-sponsored projects and 
commissions. 
One of the earliest such consultants in the United States was 
Alexander Holley. After developing the first Bessemer steel plant 
in this country, Holley became an industrial consultant for such 
companies as Cambria Steel, Bethlehem Steel, and the Scranton 
Steel Works, and designed new plants in Chicago, St. Louis, Joliet, 
and Pittsburgh. Others often went abroad to advise foreign gov- 
ernments, investment firms, and contractors. Daniel L. Harris, for 
example, retained his position as president of the Connecticut River 
Railway while serving as a consultant on bridges for the St. Peters- 
burgh and Moscow Railroad in 1859. He also served as a director 
of the Union Pacific Railroad in 1869 and secretary and manager 
of the Eastern Railway Association in the 1870s, during which time 
he traveled to England to help introduce the vacuum brake.70 
Hamilton Smith, after a successful career as a mining engineer and 
executive in Kentucky, Indiana, and California in the 1870s, be- 
came a financial consultant for the Rothschild interests and devel- 
oped and supervised mines in South America and Africa.71 Though 
the consulting engineer was the elite of the profession, his role was 
not the easiest. Called upon to travel throughout the world, he 
seldom enjoyed the comforts of a desk in the home office. Though 
his independence was greater than other professionals, his constant 
mobility meant that subordinates followed through on details, 
which in turn produced frustrations unknown to the less mobile 
executive. 
Historians have usually neglected the contributions engineers 
made to the emergence of professional executive life. This is 
especially exemplified in the life of Samuel Felton, who gave up 
the joys of Homeric exegesis for the opportunity to construct and 
70 See sketch of Daniel L. Harris in the Dictionary of American Biography, VIII, 
307. A small collection of the Harris papers are in the Baker Library, Harvard. 
71 See sketch of Hamilton Smith in the Dictionary of American Biography, XVII, 
273-74. 
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manage railroads. Cornelius and Samuel Felton, sons of a poor 
Saugus chaise maker, worked their way through Harvard during 
Andrew Jackson's first administration and began their careers teach- 
ing classical languages in secondary schools. Cornelius became in 
turn a high school principal, a university professor, and, in 1860, 
president of Harvard, succeeding James Walker. Samuel left his 
teaching career after two years and in 1836 joined the well-estab- 
lished Boston consulting firm of Loammi Baldwin, Jr., whose 
father was one of America's first native-born  engineer^.^^ When 
the younger Baldwin died in 1838, Felton took over the direction 
of the firm and in 1841 constructed the Fresh Pond Railroad to 
bring ice into Boston. Next he built the Fitchburg Railroad and 
became its first superintendent. Later he served as president of the 
Philadelphia, Wilmington and Baltimore Railroad, Pennsylvania 
Steel Company, and the Delaware Railroad, was a director of the 
Pennsylvania Railroad, a commissioner of the Hoosac Tunnel, a 
director of the Northern Pacific Railroad, and a managing director 
of the Lehigh Navigation Company. During the Civil War he 
was in charge of organizing and coordinating all transportation 
and communication centered in Philadelphia. Though Samuel 
Felton spent thirty-five years as a creative railroad executive and 
his brother spent only two as a university president, Cornelius is 
remembered for his contribution to American life, and his brother 
is a forgotten figure.73 
Most engineering executives were not only concerned with 
organization, efficiency, and the economic development of indus- 
trial systems but also assumed that the acceptance of managerial 
techniques by other institutions would result in a more humane 
world. In 1869 the Polytechnic of Rensselaer reported that the 
criminal lack of safety devices caused the "Avondale slaughter7' in 
Pennsylvania mines.74 Five years later Martin Coryell presented a 
paper to the American Society of Civil Engineers which stated 
that the seemingly hopeless task of reorganizing mining methods 
72 See sketch of Samuel Felton by Edna Yost in the Dictionary of American 
Biography, VI, 318-19. Some of Samuel Felton's papers are in the Baker Library, 
Harvard. 
73 The Encyclo~edia Britannica and Encyclopedia Americana both record Cor- 
nelius but have omitted his active brother. 
74 Polytechnic, I (Sept. 25, 1869), 6. 
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had been accomplished because engineers, who a t  one time were 
thought to be a useless and unnecessary expense, were now in 
control of operations. They had explored, mapped, and graded the 
mines, secured pillars, and opened gangways to control fires, saving 
both human life and capital i n ~ e s t m e n t . ~ ~  The work of Ashbel 
Welch in railroad safety was as important as his contribution to 
financial management.76 His plan for telegraphic safety signals on 
the Camden and Amboy Railroad was one of many which engi- 
neers developed during the period. Fire protection was another 
challenge to systematic planning. James B. Francis, chief engineer 
and general manager of the locks, canals, and mills at  Lowell, 
Massachusetts, designed the first complete system of water supply 
for fire protection in the United States. The key to the success 
of his plan was a thorough system of inspection. Programmed 
inspection became a standard procedure of engineering practice.77 
Samuel Nott demonstrated its value while investigating an accident 
on the South Royalston Bridge for the Vermont and Massachusetts 
Railroad. He discovered that the bridge bolts lacked nuts. Careless 
workers, disgruntled with their pay, had not finished their work?8 
Albert Fink believed that security and durability were just as 
important criteria for executive decision as economy. Fink insti- 
tuted the management technique of quality control, whereby even 
small but essential details of every project could be tested. He 
suggested that test bars be drilled, for example, from each mixture 
of steel to secure "the proper execution of a structure, upon which 
human life depends."79 Fink reminded his colleagues that responsi- 
bility for health and safety belonged not to the contractors but to 
the engineers. Octave Chanute in a paper delivered in 1875 
emphasized this same point.80 He declared that the engineer and 
76 Martin Coryell, "The Conflagration Now Existing in the Coal at Kidder 
Slope," Transactions A.S.C.E., I11 (1874), 150. 
76 See sketch of Ashbel Welch in the Dictionmy of Americun Biography, XIX, 
618-19. See Nevins, The Emergence of Modern America, 98-100. "By 1878 it could 
be said that . . . the American . . . could travel with less discomfort and greater 
safety than anyone else in the world." 
77 See James B. Francis papers, vols. 3,4, 5. Baker Library, Harvard. 
78 Nott papers, vol. IV, no. 71 (Nov. 24, 1847), Baker Library, Haward. 
79 Albert Fink, "How to Secure Sound Castings," AFP. 
80 Octave Chanute, "The Weight of Rails and the Breaking of Iron Rails," 
Transactions A.S.C.E., 111 (1874), 113. 
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not the treasurer of a company was responsible for purchasing 
materials. True economy, according to Chanute, depended not on 
the selection of the cheapest rate but on an honest appraisal of the 
quality and strength needed to insure sound and safe construction. 
Aside from their concern for protecting and improving human 
life, many engineers helped community organizations to further 
philanthropic and cultural interests. George Brooke Roberts, a 
graduate of Rensselaer who was an engineering executive and later 
president of the Pennsylvania Railroad, organized the Voluntary 
Relief Department, the Employees Saving Fund, encouraged rail- 
road departments of the Young Men's Christian Association, and 
served as a director of the Free Public Library of Philadelphia and 
as vice president of the Fairmount Park Art Asso~iat ion.~~ 
Another graduate of Rensselaer, William Gurley, gave leadership 
to numerous commercial, social, and cultural organizations. Gurley 
obtained his civil engineering degree in 1839 and went to work in 
a Troy machine shop that manufactured precision tools and optical 
instruments. He became a partner in 1845 and later took over sole 
management of the firm. In 1865 he helped organize the Exchange 
Bank of Troy and became its president in 1877. In 1880 he was 
appointed secretary-treasurer of the Troy and Bennington Railroad 
and helped settle its financial problems through a merger with the 
Troy and Boston Railroad. From 1881 to 1887 he was president 
of the Union National Bank. Meanwhile, a variety of other civic 
institutions also benefited from Gurley's organizational capacities. 
He took over the bankrupt Rensselaer County Agricultural and 
Horticultural Society in 1874 and successfully directed its affairs 
until its reorganization in 1881. He served as president of the Eye, 
Ear and Throat Relief Dispensary, vice president of Rensselaer, 
founder and president of the Troy Young Men's Associatioi1, 
trustee of the Troy Female Seminary, city alderman, fire commis- 
sioner, and a member of the state leg is la t~re .~~ 
Churches, schools, banks, humane societies, art museums, libra- 
ries, and political offices employed leading engineers. Daniel 
Harris served as mayor of Springfield, Massachusetts, in 1860 and 
81 Burgess and Kennedy, Centennial History, 385-452. See also sketch of George 
Roberts in the Dictionary of American Biografihy, XVI, 6-7. 
85 ln  R4emoriam Willinm Gurley (Troy, N.Y., 1890). 
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five terms as a member of the Massachusetts House of Representa- 
tives between 1857 and 1873, all during the most active span of his 
professional life. During the period in which John H. Devereux 
was president of both the Big Four and the Atlantic and Great 
Western and involved in the rate wars of the 1880s, he helped 
incorporate the Case School of Applied S c i e n ~ e . ~ ~  Eckley B. Coxe, 
president of the Cross Creek Coal Company, the Delaware, Susque- 
hanna and Schuylkill Railroad, as well as both the American Insti- 
tute of Mining Engineers and the American Society of Mechanical 
Engineers, served as an active trustee of Lehigh Un i~e r s i ty .~~  
Mendes Cohen, another engineer who became president in turn 
of two railroads, the Lehigh Coal and Navigation Company, and 
the American Society of Civil Engineers, served the Municipal Art 
Commission of Baltimore for thirty-three years, was an active 
trustee of Peabody Institute, spent nine years as president of the 
Maryland Historical Society, and five years as vice president of the 
American Jewish Historical Society. Such men were thus cultural 
as well as industrial consultants to society. 
The managerial revolution thus introduced a new concept of 
business as well as a fresh source of industrial leadership. The 
corporation was different from private business; it required a skilled 
manager, not a proprietor whose knowledge was chiefly that of 
buying and selling. A railway corporation was a large machine.85 
The track, the rolling stock, the shops, the stations, the freight, 
and the service had to be kept in working order and organized in 
such a way as to make a profit. The corporation, as John B. Jervis 
noted, needed an engineer with a "machine mind7' who could 
make decisions in the best interests of the institution rather than 
becoming "subservient to private interest or personal ambition.7786 
As a salaried employee, the engineer always had an alternative 
which the proprietary manager did not: he could resign. This 
fact enabled him to resist suggestions of unethical or unprofessional 
conduct and to think of himself as an umpire rather than a 
83 See sketch of John Devereux in the Dictionary of American Biography, V, 262. 
84 "Memoir of Eckley B. Coxe," Transactions A.S.C.E., XXXVI (1896)' 552. 
85 George S. Morison, The New Epoch as Developed by the Manufacture of Power 
(Boston, 1903), 37-38, 72-73. 
86 John B. Jervis, "Address," Transactions A.S.C.E., I (1869), 144. 
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participant in the struggle for wealth.87 Supervision of contractors 
and laborers, as well as experience with boards of directors and 
stockholders, conditioned him to seek equitable solutions and to 
make decisions in terms of the long-range benefit for himself, the 
institution, and society rather than the pursuit of immediate profit 
or power. Consequently, the majority of engineering executives did 
not fear the regulatory power of federal commissions, but worked 
for their creation. Business in an urban and technological age 
necessitated skillful management, the ability to utilize labor, 
materials, time, and capital. Success was not a matter of secret 
deals. Modern communication and transportation meant that a 
trade negotiation made in China would be-known in every port in 
the world within hours.88 Corporations did not survive simply 
by being the first company to invade the marketplace with a new 
idea or a new product. Investors soon learned that continued profits 
depended upon sound management, that is, upon administrators 
who could prepare estimates, compute costs, let contracts, write 
technical specifications, compile accurate reports, and give clear 
directions. 
During the quarter-century of debate over the economic prin- 
ciples that attended the growth of large corporations, a sense of 
professional noblesse oblige emerged among engineers. Most of 
the executives chosen from the engineering profession refused to 
define their new role in American society purely in business terms. 
The corporation, for them, was more than just a profit-making 
enterprise; it had become a social institution, responsibile to provide 
public service and promote the general welfare. Engineering 
executives fought the laissez faire attitude which assumed that 
might was right. They also must be considered alongside reformers 
such as Henry George, Edward Bellamy, Henry Demarest Lloyd, 
Richard T. Ely, Lester Ward, Washington Gladden, and Jane 
Addams in any appraisal of the progressive era's search for a sense 
of social responsibility appropriate to both institutions and indi- 
v i d u a l ~ . ~ ~  
87 Ibid., 42-43. 
88 Ibid., 19-20. 
89 Finer Laissez Faire, 373-75, 
4: The Cosmopolitan 
Engineers attending social and professional meetings in the latter 
part of the nineteenth century usually heard a speech or toast 
declaring their profession to be the one most responsible for 
extending and developing civi1ization.l The word civilization was 
used in the nineteenth century with much the same meaning as 
urbanization is used in the twentieth ~ e n t u r y . ~  To extend civiliza- 
tion implied building better surroundings for economic, social, 
religious, and cultural institutions as well as for the pursuit of 
personal freedom and leisure. Engineers pictured themselves as 
international promoters of such ideals in a peaceful world. Their 
work crisscrossed many political boundaries and diminished the 
distance separating the nations of the globe. Leading members 
of the engineering profession displayed little of the spirit of 
nationalism that dominated many emerging nations in the nine- 
teenth century and that often received encouragement in the 
United States from the professions of law, education, and the 
ministry. Instead, they spoke a professional language that was 
international, and they planned, constructed, and supervised public 
projects aimed at serving needs that all mankind shared. The 
engineer's work and training gave him a universal perspective on 
life. 
I t  is paradoxical that a century which witnessed the development 
of intense nationalisms should also be known for the international 
extension of science and technology. The latter force united the 
world and helped counteract such efforts toward national autonomy 
and independence. Though a people could still be politically inde- 
pendent of others, George Morison perceived that the telegraph 
and the wireless, the steamship and the railroad created a com- 
mercial complex that defied national autonomy. The country that 
practiced social and economic isolation, Morison said, would 
awaken to find itself a servant of the  other^.^ 
1 have chosen the word cosmopolitan to depict the global activi- 
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ties of engineers and their resulting influence. The term stems 
from two Greek roots, cosmos and polis, signifying "the world" 
and "the city." Engineers had the tools to bring "distant com- 
munities into more intimate relation with each other," Elmer 
Corthell declared. They could use these tools to promote under- 
standing and reduce prejudice, to increase enjoyment of "the 
amenities of life," and to spread "the benefits of civilization, science 
and religion" among all mankind.4 Such views broadened the 
perspective of men in all walks of life. The cosmopolitan shared 
an urban commitment to the reduction of labor and the enlarge- 
ment of le i~ure .~  For the nineteenth-century engineer, the antici- 
pation of leisure was not laziness but a desire to enjoy good food, 
good art, good music and literature, stimulating company, and 
comfortable surroundings. In addition, the cosmopolitan viewpoint 
assumed that the growth of regulation and the refinement of 
administrative art was necessary to cope with the problems of 
health, safety, and economy. 
One of the most important developments in the profession 
before and after the Civil War was the emergence of the city 
engineer. E. S. Chesbrough in Chicago, Julius W. Adams in 
Brooklyn, Charles A. Paine in Providence, and N. Henry Crofts 
and Joseph P. Davis in Boston supervised the development of water 
1 See rCsumC of the John Tyndall banquet, New York Tribune, Feb. 5, 1873. Also 
Proceedings A.S.C.E., I (1873-1874), 21, 31, 172-82, 187-88; Transactions A.S.C.E., 
I (1 868), 1-1 1, 68-80, 137-5 1; Proceedings of the Semi-centennial Celebration of the 
Rensselaer Polytechnic Institute (Troy, N.Y., 1875), 10-24, 30-38, 39-42, 4346, 81, 
87-9 5. 
-, .-- 
2 John U. Nef says that the word civilization was first used in 1766 by the Marquis 
de Mirabeau, Cultural Foundations of Industrial Civilization (New York, 1960), 79. 
For a discussion of civilization and urbanization see Oscar Handlin and John 
Burchard, eds., The Historian and the City (Cambridge, Mass., 1963). 133, 138, 151, 
163-64; Charles N. Glaab and A. Theodore Brown, A History of Urban America 
(New York, 1967), 166; Blake McKelvey, The Urbanization of America (New 
Brunswick, N.J., 1963), 18-19, 34; George Simmel, "The Metropolis and Mental 
Life," in Metropolis: Values in Conflict, ed. C. E. Elias, Jr., and others (Belmont, 
Calif.. 1966). 35-43. 
3 ~ e o r ~ e  S: Morison, The New Epoch as Developed by the Manufacture of Power 
(Boston, 1903), 19-20. 
4 Elmer Corthell, The Interoceanic Problem and Its Scientifk Solution (New 
York, 1885), 37. Speech given before the American Association for the Advancement 
of Science. 
6 See Sebastian de Grazia, Of Time, Work and Leisure (New York, 1962), for a 
discussion of leisure in its historical perspective. 
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supplies, sewage systems, paved streets and sidewalks, parks and 
cemeteries, retaining walls and bridges, and studied traffic flow, 
fire protection, and civic expansion. Chesbrough, who was city 
engineer during Chicago's first two decades of rapid growth, has 
been called "the man who raised Chicago from the mud.776 In 1855 
he elevated the streets several feet, planned a new system of 
sewers, and began a war on the swampy conditions that had slowed 
the growth of that future metropolis. A year later the city com- 
mission sent him to Europe to make a thorough study of urban 
drainage problems in the major cities on the continent. His report 
became a classic document on municipal ~ani tat ion.~ After the 
completion of his two-mile tunnel under Lake Michigan to secure 
fresh water for the city, Chesbrough became a consultant on sewers, 
tunnels, and water systems for many municipalitie~.~ 
By the end of the nineteenth century ~mer ican  engineers had 
invaded every continent with their ideas and projects. There is 
little evidence that they tried to establish rapport with the different 
cultures and people with whom they worked. Their world-city 
perspective did not assume that face-to-face relationships were 
essential to the effective construction of a bridge or improvement 
of a sewer system. They nurtured an impersonal value system in 
contrast to a less objective agrarian and provincial ethic. More- 
over, their cosmopolitan viewpoint undermined the idea of ter- 
ritorial imperialism, despite the fact that their efforts in expanding 
American technology seemed to sustain it.9 Their achievements 
made the physical acquisition of land and people by industrial 
nations an obsolete goal.'' 
6 George Leposky, "The Man Who Raised Chicago from the Mud," Chicago 
American Magazine (March 20, 1966), 14. 
7 Much of this report was later incorporated into a similar study made by Ches- 
brough for Boston. See Appendix A, "Sewerage Systems of Large Cities," in the 
Sewerage of Boston, city document no. 3 (Boston, 1875). 
6 See sketch of Ellis Sylvester Chesbrough in Biographical Sketches of Leading 
Men of Chicago (Chicago, 1868), 191-95. 
9 Robert S. Woodbury has stated that "technology, like science, is one of the few 
truly international activities and historians of technology had better treat it so." 
"The Scholarly Future of the History of Technology," Technology and Culture, I 
(Fall 1960), 347. 
10 As the United States found out in the Spanish-American War, acquiring foreign 
possessions could become an unnecessary burden on the resources of a technological 
state. 
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Nineteenth-century engineers became more cosmopolitan and 
less provincial principally because of their enormous mobility. 
They were so rootless in their employment, so flexible in their 
work, and so variable in their associations that the geographical 
and social stereotypes commonly used to identify outstanding men 
often do not apply to them. Consider the career of Cornelius 
Stewart Masten.ll After graduating from Rensselaer Polytechnic 
Institute in 1850, he worked two years in the office of the city 
surveyor of Troy, then moved west to work for several Illinois and 
Wisconsin railroads. Between 1858 and 1860 he engaged in sur- 
veying and mining in California, sold coal oil and lamps in 
Chicago, and, at the same time, operated a farm and worked as a 
bank teller. After serving in the Civil War he conducted prelimi- 
nary surveys for the West Short Railroad, was a resident engineer 
on the Middletown and Crawford Railroad, a chief engineer and 
superintendent in turn of the Rochester and State Line Railroad, 
of a manufacturing plant in Bennington, Vermont, and of the 
Monroe County Silver Mining Company at Divide, Montana. 
He later surveyed for the Brattleboro and Whitehall Railroad, 
was a roadmaster for the Chicago, Burlington and Quincy Railroad, 
a chief engineer on the Chicago and Southern and on the St. Louis, 
Jerseyville and Springfield, an assistant engineer on the Wabash, 
and a resident engineer on the western division of the Wabash, 
St. Louis and Moberly Railroad. One cannot identify Masten with 
a state or region, for he held positions in Vermont, New York, 
California, Montana, Illinois, Wisconsin, and Missouri; nor can 
one call him an army officer, a surveyor, a mining engineer, or a 
railroad superintendent, though he served in each of these capaci- 
ties. Significantly, the only professional organization he ever joined 
was the American Society of Civil Engineers. 
Masten's career was not as complex, however, as that of some of 
his colleagues, many of whom had more diverse educational back- 
grounds, worked on an even wider variety of projects, and then 
assumed executive positions in government, business, or industry. 
Is George B. McClellan, for example, to be classified primarily 
11 Henry B .  Nason, ed., Biographical Record of  the Oficers and Graduates of the 
Rensselaer Polytechnic Institute, 1824-1886 (Troy, N.Y., 1887), 281-82. 
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as an engineer, a politician, or a military leader? Is Octave Chanute 
best described as a bridgebuilder, a railroad executive, a city planner, 
or as America's first aeronautical engineer? A few such as John 
Roebling or John Ericsson are best known for one project or achieve- 
ment even though their practice was international and their varied 
accomplishments a reflection of restless and creative minds. 
American engineers accepted foreign assignments regularly after 
1850, especially in South and Central America. That year Allan 
Campbell went to Chile to survey and construct a government 
railroad from Copiapo to Caldera.12 He also surveyed the trans- 
continental route across South America from Buenos Aires, Argen- 
tina, to Chile.13 Edward W. Serrell, like Campbell, was working in 
Central America at an early date. Serrell, who was born in England 
and learned engineering from his father, helped conduct the-pan- 
ama survey in 1848 and then spent the rest-of his career in both 
hemispheres building railroads in New Hampshire and New Jersey, 
bridges in New Brunswick, Quebec, and England, and a canal from 
San Blas to Pearl Island Harbor in Panama.14 George Earl Church, 
whom the Geographical Journal called "one of the foremost authori- 
ties on the history and geography of South America," worked 
exclusively in Latin American countries after his initial experience 
on the Hoosac Tunnel. He went to Argentina in 1857 to take up 
the job that Allan Campbell had vacated. In 1868 the government 
of Bolivia retained him to plan and construct the Madeira and 
Mamore Railway, which connected that country with the Amazon 
River. In 1880 the United States government employed Church 
to report on the political, financial, and trade conditions of Ecuador. 
After the publication of this report he retired to London where 
he became the first American member of the Royal Geographical 
Society.16 
12 See K. W. Clendinning's sketch of Allan Campbell in the Dictionmy of 
Americun Biography, 111, 448-49. After returning to New York City, Campbell 
became chief engineer and later president of the Harlem Railroad. He also served 
as commissioner of public works for New York City, as a member of the New York 
Historical Society, St. Andrews Society, the Century Club, and vestryman of Trinity 
Church. He was an honorary member of the American Society of Civil Engineers. 
1% Allan Campbell, "Introductory Remarks on the Provinces of the LaPlata and 
the Cultivation of Cotton and the Parana and Cordova Railway" (London, 1861). 
14 See sketch of Edward W. Serrell in the Dictionary of American Biography, XVI, 
592-93. 
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The papers of numerous other engineers reveal the extent of 
interest American engineers had in Latin America. Joel R. Wood- 
ruft worked in Venezuela, John A. Wilson in Honduras, Nathaniel 
Morton in Cuba, Joseph G. Rice, George S. Skilton, and Robert 
C. Pebbles in Mexico, William S. Auchincloss in Brazil, Richard 
H. Buel in Nicaragua, Thomas M. Cleemann, Othniel F. Nichols, 
and William A. Sherman in Peru, Henry M. McClellan in Ecuador, 
John H. Curtis in Panama, John A. Ferris in Colombia, and 
Wendell Bollman in Chile, Cuba, and Mexico. Andrew Talcott 
took charge of constructing the Imperial Mexican Railway for a 
British firm during the Civil War. After news of the project 
reached the United States, he received inquiries from engineers 
in Baltimore, Richmond, Norfolk, and Philadelphia seeking employ- 
ment. Talcott employed four of them along with his two sons 
and retained Charles Shaler Smith and Benjamin Latrobe as bridge 
consultants. The bridges were designed in the United States, 
manufactured in England, and sent to Mexico. Representatives 
of the Smith Knight Company who were working in Chile also 
supplied Talcott with construction men and engineers.l6 Some of 
these had worked under one of the most influential American pro- 
motors of railroads in South America, Henry Meiggs, a lumberman 
from New York who went to Chile in 1854 as a railroad contractor 
after an unsuccessful business career in San Francisco. He built the 
Santiago a1 Sur Railroad and then established a reputation for 
speed and efficiency in the construction of the Valparaiso and 
Santiago line where he produced a million-dollar profit. Meiggs 
then constructed the Mollendo and Arequipa Railroad up to Lake 
Titicaca, still a wonder to tourists because of its many viaducts and 
sixty-seven tunnels. One of the numerous American engineers 
whom Meiggs employed on this venture was Hezekiah Bissell, a 
graduate of Yale who had placed the first culvert on the Union 
Pacific at Omaha and stayed on until the final golden spike was 
driven at Promontory.17 Bissell then spent two years locating, 
15 See Edna Yost's sketch of George E. Church in the Dictionary of American 
Biography, IV, 102-103. 
16 The Andrew Talcott letters are in the Library of Congress. 
17 "Memoir of Hezekiah Bissell," Transactions A.S.C.E., XCIII (1929), 1764-67; 
see also "Obituary," Engineering News Record (July 5, 1928), 35. See sketch of 
Henry Meiggs in the Dictionary of American Biography, XII, 501-502. 
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grading, and laying track along the Purcara River toward the 
ancient Inca capital of Cuzco. The varied national makeup of his 
construction crew kept life interesting in the isolated valleys of the 
Andes. Besides the native Indians and Chilanos who did much of 
the grading, Bissell had under his supervision Italian stonecutters, 
who had worked on the Mont Cenis Tunnel, an Irish-Australian 
masonry contractor, a Chinese cook, a British interpreter, a Spanish 
architectural student, and a German topographer.ls 
Two graduates of Rensselaer in 1868, Leffert L. Buck and Virgil 
Gay Bogue, began their careers in South America. Buck worked 
on the Oroya Railroad in Peru, helped erect the original Verrugas 
Viaduct, and later designed a number of bridges in Mexico before 
returning to Peru to erect the second Verrugas Viaduct.'' After 
spending considerable time as a bridge consultant in the Pacific 
Northwest, New York, Canada, and Virginia, Buck represented 
Peru and Ecuador for eighteen years on the International Railway 
Commission. Virgil Bogue's career paralleled Buck's; he began as 
an engineer on the Oroya Railway in Peru, but became an executive 
rather than a bridge specialist when the Trajilo Railway made 
him manager in 1877. Returning to the United States in 1879 
Bogue worked on the Northern Pacific, discovered Stampede Pass, 
served five years as chief engineer of the Union Pacific, and then 
became a consultant to commissions in Colombia, New Zealand, 
Mexico, Canada, and the United States.20 
American engineers who undertook projects in Europe, Asia, and 
Africa during this early period of technological development were 
also numerous. Louis Janin, a rough and practical mining engineer 
who fought Apache Indians in Arizona and refined the wasteful 
methods of extracting silver from the Comstock Lode in Nevada, 
served five years in Japan in the 1870s as a mining consultant. 
Janin induced Japanese students to come to the United States to 
further their technical knowledge and was responsible for starting 
Herbert Hoover and John Hays Hammond on their successful 
18 Bissell, "Reminiscences," 12-44, HBP. 
19 Nason, Biographical Record, 386. See also Ray Baker's sketch of Leffert C. 
Buck in the Dictionary of Ammican Biography, 111, 224-25.  
20 Nason, BiograQhical Record, 384. See also Edna Yost's sketch of Virgil Bogue 
in the Dictionary of American Biography, 111, 410. 
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international engineering careers.21 Other American engineers 
abroad included Daniel L. Harris, who went to Russia as a con- 
sultant on the St. Petersburg and Moscow Railroad; Anthony W. 
W. Evans, who worked with Henry Meiggs in Peru and Chile and 
then became a consultant for companies in Australia, New Zealand, 
and Central America; and Edwin S. Nettleton, an irrigation expert, 
who was employed in Mexico, Italy, and Spain. 
American engineers going abroad passed others coming to the 
United States, either for training or for work. Five years after the 
founding of Stevens Institute of Technology, it had enrolled five 
students from Japan, two from Venezuela, and one each from Peru, 
Brazil, Chili, and Greece.22 Rensselaer Polytechnic Institute 
granted degrees to thirty-three foreign students between 1850 and 
1875, including fourteen from Cuba, three from Peru, six from 
Brazil, two from Puerto Rico, and others from New Granada, 
Venezuela, Panama, Canada, Spain, and F ran~e .~"  
Some of t h z e  students returned immediately after graduation 
to practice in their own countries while others launched their 
careers in America. Most of them were highly mobile, however, 
and many developed an international practice. Auguste Henri 
Albert Millet, a Frenchman who attended Lespinasse Institute and 
the Lycee Bonaparte in Paris before coming to Rensselaer, worked 
on the New York and Harlem Railroad, the St. Louis waterworks, 
the Chilicothe and Des Moines Railroad, the Illinois and Missis- 
sippi Canal, then became a consultant to the government of 
Ecuador from 1871 to 1882 and chief engineer of the Culebra 
section of the Panama Canal and other public works in Panama.24 
On the other hand, Alberto de Castro y Bermudez, a Cuban 
student, returned to Havana after his study at Rensselaer, where 
he constructed railways, bridges, and stations, managed a hospital, 
built numerous manufacturing plants, designed the municipal 
waterworks, planned and constructed the Church of the Sacred 
Heart and the Irijoa Theatre, designed the plans for Tuelin and 
Trahel la Catolin parks, was chief engineer of the Havana tramways 
21 See sketch of Louis Janin in Dictionary of American Biography, IX, 608-609. 
22 Catalogue (1 874), Stevens Institute of Technology, 61-71. 
23 Nason, Biographical Record, 280-457. 
24 Ibid., 378. 
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and omnibus company, and designed over two hundred private 
homes in Havana, as well as serving as a consultant to numerous 
corporations there.26 Another mobile Cuban was Aniceto Garcia 
Menocal, scion of a wealthy planter family in Havana, who grad- 
uated from Rensselaer in 1862. He worked on public works projects 
in New York City, for the United States Navy in Panama and 
Nicaragua, and the Provisional Interoceanic Canal Society, was a 
consulting engineer for the yards and docks gun-plant in Washing- 
ton, constructed a naval base in the Philippines, investigated sites 
for a coaling station in Liberia, and spent his last days planning 
irrigation systems in his native Cuba. He read papers before the 
International Congress in Paris (1879), the Fourth International 
Conference on Inland Waterways at Manchester, England ( 1890), 
and the World's Columbian Water Commerce Congress in Chi- 
cago ( 189 3) .26 
Extensive geographical mobility was not the result of occupa- 
tional wanderlust. An engineer's contracts were usually for short 
durations. A job lasted f i r  a year or two, and he moved on to 
another. ~ o s t  projects required that the engineer be willing to 
travel. Elmer Corthell's notebooks for 1872, when he was working 
on the Syn Island Levee, chronicle his continuous movement 
between the cities of St. Louis, Chicago, Keokuk, Quincy, Kinder- 
hook, and Hamburg. Between February 23 and May 1, 1872, his 
diary contained the phrase "returned to Hannibal" twenty-one 
times." William Hutton7s diary reveals his constant travels between 
Baltimore, Washington, New York, and Philadelphia supervising 
railroad construction, canal projects, and watenvork~.~~ Such phy- 
sical mobility, combined with a growing awareness of the immediate 
and future possibilities of industrial technology, conditioned the 
engineer to change and impermanence. While the artisan in the 
nineteenth century fought a losing battle to retain a personal 
control over the materials, design, and market of his workman~hip,2~ 
the professional engineer became more influential by accepting 
25 Ibid., 328-29. 
26 Ibid., 350. See also Ray Baker's sketch of Aniceto Menocal in the Dictionmy 
of American Biography, XII, 537-38. 
27 Elmer Corthell notebooks are in the New York Public Library. 
28 William Hutton's diary is in the Smithsonian Institution collection. 
29 Norman Ware, The Industrial Worker, 1840-1860 (Boston, 1924). 
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change and avoiding an emotional identification with his projects. 
The engineer's family had to adjust to this rootlessness, as the 
Civil War correspondence of Washington Roebling with his 
prospective wife, Emily, makes plain. After picturing their antici- 
pated wedding and honeymoon, Washington suggested that Emily 
could then go to Trenton and stay with his mother while he worked 
with his father on the suspension bridge in Cincinnati30 This 
suggestion evidently produced a strong reaction from Emily, for 
Washington's next letter explained somewhat defensively that his 
father and mother were happily married even though the profes- 
sional responsibilities often kept the elder Roebling away from 
home.31 Like many others, Washington settled down in a large 
city during the years his children were young. 
Consulting or executive positions made possible a stable residence 
for the family, even though the father was often absent on business. 
Engineers tended to defer marriage until they had firmly established 
themselves in the profession; some of the most active and mobile 
ones, such as George Morison, James Laurie, and Leffert L. Buck, 
never married at all. Octave Chanute, a native of France, acknowl- 
edged to his father in 1850 that marriage was an impractical luxury 
for a man who was constantly moving in a land of strangers.32 
Even for an immigrant engineer such as John Ericsson, who settled 
in New York City, family life became a secondary consideration. 
Ericsson spent so much time at his drafting board that his wife 
returned to England never to see him again.33 He saw his illegiti- 
mate Swedish son only once, a t  the Philadelphia Exposition in 
1876, by which time the latter was fifty-three years old.34 According 
to his biographer, W .  C. Church, Ericsson had the resources during 
the last quarter of his life to bring a whole shipload of relatives 
from Sweden to the United States, but he was too occupied with 
ship designs, engine modifications, and attempts to harness the 
energy of the sun to do so.35 
During the last quarter of the nineteenth century, engineers 
30 Washington A. Roebling to Emily, July 27, 1864, WAR. 
31 Washington A. Roebling to Emily, Aug. 2, 1864, WAR. 
32 Octave Chanute to his father, Dec. 7, 1850, OCP. 
33 William C. Church, The Life of John Ericsson (New York, 1890), I, 293-94. 
34 Ibid., 11. 214-15. 
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such as Roebling, Chanute, Ericsson, and Fink came to America 
because of the expanding opportunities the country offered them 
to practice their profession. After participating in the 1848 revolu- 
tion in Germany, Albert Fink left his homeland for the United 
States. Arriving in New York, Albert contacted Wendell Bollman 
of the Baltimore and Ohio Railroad, who refused to hire him. 
Discouraged in finding work he considered going to Brazil, but was 
penniless. Ironically, Fink finally secured a position as a draftsman 
on the Baltimore and Ohio under Benjamin Latrobe, and eventually 
designed the "Fink truss," which replaced the "Bollman truss7' 
as the standard for bridge construction. After attaining a position 
as an engineer on that railroad, he was put in charge of building a 
bridge across the Monongahela River, a project that cost $120,000. 
Thus only three years after his arrival in America, Fink was chief 
engineer of the longest bridge being built in this country, while 
his colleagues in Germany, he noted in his diary, were "still sitting 
with their feet under a desk waiting for some opening."36 
Constant mobility helped the engineer to become a technology- 
directed man, able to treat the corporation impersonally and to 
accept its bureaucratic structure, even when he disagreed with 
administrative decisions. To  allow himself to become emotionally 
involved with a project or an employer was to lose his professional 
initiative. He must find security and identity, rather, in his own 
knowledge and experience. The diaries of William Hutton and 
the memoirs of such men as Robert Stanton and Hezekiah Bissell 
reveal how engineers learned to accept these realities of their 
vocation. Hezekiah Bissell once refused a consulting position in 
Utah because he feared it might produce conflict with his previous 
employer, the Union Pacific Railroad. He later confessed that this 
romantic decision had caused him to miss a real opportunity to 
develop the industrial resources of Utah.37 For such men, freedom 
did not mean the absence of authority but the opportunity to 
utilize one's professional knowledge, to remain geographically 
mobile, and to enjoy the good life which the leisure and wealth of 
36 Quote from Fink diary in Ellen Fink Milton, A Biography of Albert Fink (New 
York, 1951), 36. 
37 Hezekiah Bissell, "Personal Note," 13, HBP. 
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their profession made possible. As the world became more united 
and interdependent, their mobility increased, but so also did their 
personal independence. 
The large degree of mobility encouraged the development of a 
professional society whose chief work was to nourish the cosmo- 
politan spirit which their vocation required. The first attempt to 
form a national association occurred in 1839, when engineers 
assembled in Baltimore and elected Benjamin H. Latrobe as their 
president. Latrobe appointed a committee of seventeen to prepare 
a cons t i t~ t ion .~~  Some of the most prominent and representative 
engineers of the day sewed on this committee: J. B. Jervis and 
Benjamin Wright of New York, Moncure Robinson and Claude 
Crozet of Virginia, Jonathan Knight of Maryland, J. Edgar Thom- 
son of Georgia, and George W. Whistler of Connecticut. They 
could not agree on a constitution, however, and suggested four 
sectional societies rather than a national association. The editor 
of the American Railroad Journal blamed the failure to organize 
nationally upon the size of the committee, noting that several 
were hostile to any form of organization, others were indifferent, 
and many were unknown to each other.39 W. H. Wilson claimed 
that the profession was too scattered to render meetings practical.40 
A later chronicler thought "jealousies, local views and partialities" 
were the chief barriers.41 In retrospect, it seems obvious that the 
profession depended at that early stage upon a competitive econ- 
omy; its members clung to an obsolescent agrarian individualism 
and identified themselves with one section or another of the 
country. 
Nine years later, engineers in both Boston and New York suc- 
ceeded in forming local organizations whose constitutions used a 
universal language to define their purpose.42 The founders of both 
38 Charles W .  Hunt, Historical Sketch of the American Society of Civil Engineers 
(New York, 1897). 
39 ~merihan  ailr road lournal, Feb. 1840. 
40 William Hasell ~ i l s o n ,  keminiscences of a Railroad Engineer (Philadelphia, 
1896), 32. 
41 Hunt, Historical Sketch, 14. 
42 Constitution and By Laws of Boston Society of Civil Engineers (Boston, 1848), 
and Transactions of the New York State Institution of Civil Engineers, I (Feb. 
1849); hereafter cited as Transactions N.Y.S.I.C.E. 
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aimed at securing for the profession in America "the same respect 
and reward which it obtains in every civilized country.7743 The 
New York Institution of Civil Engineers boasted ninety founding 
members; it published a set of learned papers in 1849. Within 
two years, however, the demands of their jobs scattered most of 
the members far and wide, making it impossible for them to 
participate in the monthly meetings of a regional society. The 
president, Charles B. Stuart, was absent from the annual meeting 
in January 1850, and the society soon dissolved.44 
The Boston Society, however, survived and thus became the first 
permanent organization of engineers in this country. I t  differed 
from the New York organization chiefly in its rigid membership 
restrictions, admitting only civil, geological, mining, and mechanical 
engineers, and architects who had gained at least five years experi- 
ence in professional practice and who were thirty years of age or 
older.46 The New York Society had tried to secure the loyalty 
of its membership through the publication of professional literature. 
The Boston Society, on the other hand, first concentrated upon 
erecting a permanent meetingplace and library, designed both to 
encourage social intercourse among engineers and to contribute 
to their professional improvement. I t  seems that the Boston Society 
survived because its membership was limited to an older, profes- 
sionally established, and less mobile group. James F. Baldwin, 
for example, the first president, was a brother of George and 
Loammi Baldwin. All three were second-generation engineers 
with a prosperous consulting practice. Two of the original directors 
of the Boston Society, E. S. Chesbrough and James Laurie, helped 
establish two other engineering societies. Laurie was the first presi- 
dent of the American Society of Civil Engineers and Chesbrough 
founded the Western Society of Engineers. 
The American Society of Civil Engineers had an independent 
development, rather than stemming from the consolidation of local 
societies, as happened in the national organization of other pro- 
43 Letter to prospective members from E. W. Serrell, Oct. 17, 1848, Transactions 
N.Y.S.I.C.E., I, no. 1 ,  p. 7. 
44 Transactions N.Y.S.I.C.E., I, no. 2. Stuart later wrote Lives and Works of Civil 
and Military Engineers of America (New York, 1871 ) . 
45 Constitution and By Laws of B.S.C.E., Article 111. 
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fessional as well as many labor and political groups in America. 
The Society originated in the office of Alfred W. Craven of the 
New York Croton Aqueduct Department on November 5, 1852. 
The founders, most of whom were international in outlook and 
practice, chose a Scottish immigrant, James Laurie, as president. 
During the following three years only a handful of resident engi- 
neers kept the organization alive. The Society ceased to hold 
meetings in 1855 and lapsed into what Alfred Craven called "our 
syncope."46 Again, the extreme mobility of the profession rather 
than a lack of funds, membership, or interest frustrated the effort 
to form a local club among a highly competent and, therefore, a 
cosmopolitan group. Meanwhile, however, engineers themselves 
were creating a network of communication and transportation 
facilities that would enable a national professional society to 
function. 
The A.S.C.E. was reborn after the Civil War, when the Western 
world had been united by wire and steam. Three factors helped 
make the reorganization of 1867 a success. The Society acquired 
permanent rooms in New York City where the nonresident mem- 
bers could gather when they were in town.47 As a national and 
international urban hub for commercial and professional enter- 
prises, New York was a "natural center" for a mobile 
Second, the group set a specific time for annual meetings, enabling 
members to set aside a period in their busy schedules for profes- 
sional improvement. Fifty-five members gathered the first year 
and the attendance grew steadily thereafter. Such annual meetings, 
long a feature of the life of American religious and benevolent 
societies, performed a sacramental role among professional societies 
much in the same manner as the "holidays" that medieval guilds 
observed. Here recreation and work were combined in the com- 
fortable surroundings of urban culture. Finally, the organization 
began at once the publication of professional papers and the 
development of an international center for the exchange of tech- 
nical information. William J. McAlpine, state engineer of New 
46 A. W. Craven, "Presidential Address," Transactions A.S.C.E., 1 (1870), 218. 
47 James P. Kirkwood, "Address of the President," Transactions A.S.C.E., I 
(1867), 3-5 .  
48 Hunt, Historical Sketch, 18-19. 
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York, initiated both the first publication of reports and the first 
library by contributing his own collection of manuscripts, peri- 
odicals, books, and professional papers.49 Thereafter American 
engineers at  work in the far corners of the world communicated 
with one another through the photographs, maps, profiles, and 
reports each sent to this central clearinghouse. 
Most early descriptions of the Society compared it to the 
contemporary British and French engineering societies. By 1869 
the British Institution of Civil Engineers was an immensely 
successful organization with 641 members, 909 associates, 16 honor- 
ary members, and 12 3 students on its roles.60 By 1875 the American 
Society had 335 members, 7 honorary, 15 associates, 7 juniors, and 
61 fellows, 70 percent of whom lived outside New York City.61 
Charles Paine, in Toledo, and Octave Chanute, in Kansas City, 
had both considered joining the British Association prior to the 
reorganization of the American Society. Their correspondence 
indicates an intense concern that the American group adopt the 
same high standards that the European societies upheld.62 Both 
Paine and Chanute were very active in promoting the association, 
and both eventually served as its president. 
The Society took additional steps to assure that it would not 
become a provincial club. Delegates to the annual meeting in 
1870 raised the qualifications for membership to require "active 
employment in the profession for five years in the capacity or rank 
of Superintending Engineer," with a diploma from "any collegiate 
institute in good standing7' being equivalent to two years serviceeE3 
President J. W. Adams reminded the members in 1873 that the 
Society "was not a school for training young engineers," but an 
institution formed to judge and advance professional competence. 
He suggested that talents and respectability, character and educa- 
tion, were preferable to numbers and that "easy and promiscuous 
49 William J. McAlpine, "Presidential Address," Transactions A.S.C.E., I (1868), 
46-49. 
50 Van Nostrand's Engineering Magazine, I (Feb. 1869), 159. 
61 Hunt, Historical Sketch, 79. 
52Octave Chanute to J. 0 .  Moorse, Feb. 27, 1868, July 17, 1868, Sept. 15, 
1868. Chanute to Robert Moore, Tuly 17, 1868. For Paine's correspondence see 
Hunt, Historical Sketch, 41. 
53 "Amendments to By-Laws of the Society," Proceedings A.S.C.E., I (1874), 132. 
The Cosmopolitan 103 
admissions" obtained through personal friendship would hinder 
the Society's  objective^.^^ 
The annual meeting of the following year divided the member- 
ship into six classes, following the example of the British Institu- 
tion. Honorary members were men of acknowledged eminence 
with at least thirty years of engineering practice. Corresponding 
members were expected to publish at least one article or report a 
year. Regular members must have had seven years of experience 
and been in charge of a major project. An associate member was a 
manager of a public work, a proprietor, a geologist, chemist, mathe- 
matician, manufacturer, or architect, in short, one who was "quali- 
fied to cooperate with engineers in the advancement of profes- 
sional knowledge," but not himself a trained practitioner. Junior 
members must have engaged in civil, military, mining, or mechanical 
engineering for not less than two years, and Fellows were simply 
interested persons who subscribed to the funds of the Society.55 
This classification represented a standard of membership that 
was internationally accepted and that reflected the cosmopolitan 
interests of the association. The secretary's report of the sixth 
annual convention noted that the membership included engineers 
from Canada, many South American countries, India, Japan, and 
almost every European country.56 Actually the Society never 
emphasized or defined the significance of the word American in 
their official title. As President McAlpine put it in 1868, their 
purpose was to promote communication among professional men 
who worked "alone and often in an tag~nism."~~ Defining the 
classes of membership helped to give content and prestige to the 
term civil engineer, but the term American never denoted national- 
istic exclusiveness. In a toast at a meeting at Delmonico's in 1874 
Vice President Theodore G. Ellis emphasized that engineering in 
the United States had become more universal and more interna- 
tional than that of its European counterpart because of the greater 
variety of experience and greater demand upon originality of the 
54 Julius W. Adams, "Address o f  the President," Proceedings A.S.C.E., I (1873), 
18-20. 
55 Proceedings A.S.C.E., I (1874), 134. 
56 Ibid., 176. 
57 McAlpine, "Presidential Address," 46-48. 
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members of the profession in the New World. What  distinguished 
them was not their national identity, then, but their "grandeur 
and largeness of con~eption."~~ 
The cosmopolitan character of the American Society also owed 
much to the fact that many of its prominent leaders were immi- 
grants. Four of these served as presidents: James Laurie, a native 
of Scotland ( 1852-1867), James B. Francis, of England ( 1880-1 882), 
Octave Chanute, of France (1891-1892), and Albert Fink, of 
Germany ( 1879-1880). The careers of other presidents also reflected 
the international character of the profession's practice. For ex- 
ample, William M. Roberts, president in 1878, worked on roads, 
railroads, and canals in Pennsylvania, Canada, and Ohio before 
supervising the construction of four midwestern railroads.69 He 
then spent eight years in Brazil with the Dom Pedro Segunda 
Railroad, returned to the United States in 1866 to work on the 
Mississippi and Ohio River navigation projects, and next became 
associate chief engineer on the Eads Bridge at St. Louis. In 1869 
Roberts divided his time between the Pacific Northwest and the 
Gulf of Mexico in his capacity as chief engineer of the Northern 
Pacific Railroad and a member of the Mississippi River Jetty 
Commission. After serving five years as vice president of the 
American Society of Civil Engineers and a year as president, he 
returned to South America to become chief engineer of all the 
public works in Brazil. 
A widely circulated correspondence among engineers added to 
the cosmopolitan attitudes that continual mobility, an international 
practice, an active professional society, and a strong immigrant 
constituent were already nurturing. The personal papers of such 
men as Samuel Nott, railroad engineer in Boston, William Hutton, 
aqueduct engineer in Washington, D. C., and Octave Chanute, 
bridge engineer in Kansas City reveal the amazing extent of the 
correspondence of these early professionals. All three corresponded 
with E. S. Chesbrough, the city engineer of Chicago, about sewer 
and water problems, and with William McAlpine, the state 
68 Proceedings A.S.C.E., I ( 1874), 176-77. 
59 See sketch of William M. Roberts in the Dictionary of American Biography, 
XVI, 18-19. 
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engineer of New York, about canal construction, foundation 
work, and railroad deve l~pmen t .~~  The Chanute correspondence 
includes letters to Benjamin Latrobe regarding a Philadelphia 
railroad convention, to Alexander Holley about the manufacture 
of culverts, to Albert Fink concerning cost-statistics, to William 
Sooy Smith for foundation information, to E. S. Chesbrough 
regarding the waterworks at  Peoria, to G. M. Dodge about securing 
ice cakes on the river, to Charles Shaler Smith about bridge trusses, 
and to William McAlpine on pneumatic  foundation^.^^ Similarly, 
letters from other engineers to John A. Roebling, William Hutton, 
Samuel Nott, and James and George Baldwin bombarded them 
with requests for technical information or recommendations for 
jobs. Such private correspondence had been effective in circulating 
professional information even before the American Society of Civil 
Engineers began to publish reports on the activities and innovations 
of the profession. 
Actually the extensive mobility and continuous communication 
among engineers reflected a long-established tradition among men 
of science and t echno l~gy .~~  Chemists, physicists, and mathe- 
maticians had been exchanging information and transcending 
regional and national boundaries for over three centuries. In the 
last half of the nineteenth century, however, this cosmopolitan 
exchange was no longer limited to the conversation of a group of 
physical philosophers, but had become a reality for every citizen. 
The electric cable and the wireless, and the addition of electricity 
to steam power, were rapidly erasing the distinctions between 
country and city and introducing a new unit, the metropolitan 
region. They made all men more interdependent, breaking down 
national loyalties and promoting an international perspective, 
60 Samuel Nott to E. S. Chesbrough, July 19, 1872, SNP; William Hutton to 
E. S. Chesbrough, Sept. 15, 1875, WRH; Chanute Letterbook, 217, 294 (Feb. 16, 
1868); William R. Hutton to William McAlpine, Sept. 27, 1875, WRH. 
61 Octave Chanute to Benjamin Latrobe, July 9, 1866; to Alexander Holley, Nov. 
10, 1866; to Albert Fink, June 1, 1891; to William Sooy Smith, April 23, 1867; to 
E. S. Chesbrough, March 9, 1868; to G. M. Dodge, Nov. 25, 1868; to Charles 
Shaler Smith, Feb. 5, 1866. 
62 See William C. Dampier, A History of Science (New York, 1943); Herbert 
Butterfield, The Origins of Modern Science (New York, 1957); E. A. Burtt, The 
Metaphysical Foundations of Modern Science (New York, 1924). 
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which enabled engineers, at  least, to believe more than ever in the 
unity of mankind. 
The majority of engineers who practiced during this period of 
sectional strife and reconstruction were more interested in the 
advancement of civilization than in cultivating a national spirit. 
Contemporaries tried to make John Ericsson a national hero after 
he built the Monitor, but he had designed and named the ship to 
spite the imperialistic and institutional pride of British nationalism 
rather than to glorify the American Union.63 George S. Morison, 
while looking back over his thirty-five years as an engineer, noted 
at the end of the century that interdependence had become char- 
acteristic of the "New Epoch" that his profession had helped to 
usher in.64 The majority of men no longer worked independently 
and the total number of salaried employees had vastly increased. 
He saw the passing of the small businessman and the independent 
manufacturer as an inevitable part of the world community that 
the technological revolution was making possible. The problems 
facing the nation were no longer from without, he said, but 
originated in the demands of a concentrated p o p ~ l a t i o n . ~ ~  "Bad 
air, bad water, bad construction and corrupt administration7' were 
the potential dangers of the urban age. Leadership trained in law 
or war could not cope with these problems. Society needed a 
profession educated to control air pollution, design water systems, 
supervise construction, and advise municipal management. Morison 
believed that "a single government could be organized to handle 
the affairs of the entire earth and give equal rights and like laws 
to all races and conditions of men." The difficulties in enforcing 
the acts of such government "would be much less than those of 
handling the thirteen States at  the time of the adoption of our 
Con~ti tut ion."~~ 
63 John Ericsson to Gustavus V. Fox, Jan. 20, 1862. Church, The Life of John 
Ericsson, 254-55. Ericsson wrote, "The satisfaction with which I lay my head on the 
pillow at night, conscious of having my small caloric engine conferred a boon on 
mankind . . . is far greater than the satisfaction the production of an engine of war 
can give." Ruth White, Yankee from Sweden: Dream and Reality of John Ericsson 
(New York, 1960), 228. 
64 Morison, The New Epoch, 44. 
66 Ibid., 56. 
66 Ibid. 
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Here, in brief, was the dream of the whole world as one city, 
governed according to the same universal principles of technology 
and engineering which, through the construction of a vast com- 
munications network, were bringing the world-city into existence. 
The spread of the telegraph helped dramatize this dream. Four 
years after the first line linked Baltimore and Washington in 1844, 
engineers had strung wires through every state east of the Missis- 
sippi except Florida. In 1851 England connected its 4,000 miles 
of telegraph lines with the European network. By 1862 the world's 
telegraph system covered 150,000 miles, one-third of it in the 
United StatesaB7 Submarine cable first linked the European and 
American systems in 1858, but continuous service was no t  provided 
until after 1866. The laying of the Atlantic cable reflected the work, 
perseverance, and courage of Cyrus Field. I t  was also an important 
saga in the history of international engineering. Frederick N. 
Gisborne, a Canadian engineer, and John T. Mullock, Roman 
Catholic bishop of Newfoundland, first aroused Field's interest in 
the possibilities of linking the continents with electr i~i ty .~~ Mat- 
thew Field, a railroad and bridge engineer, introduced Gisborne 
to his brother Cyrus, and later organized a force of 600 men who 
spent over a million dollars extending telegraph lines through the 
rugged countryside of Newfo~ndland .~~ 
Major credit, however, for the success of the Atlantic cable 
must be given to the English engineer Charles Bright.7o Though 
only twenty-six years old, Bright solved many of the technical 
problems and would have been successful in 1858, if his superiors 
had not vetoed his design of a submarine cable.71 By the end of the 
Civil War, during which English engineers had laid cables across 
the Persian Gulf, the Red and Mediterranean seas, the consulting 
67 T. K. Derry and Trevor I. Williams, A Short History of Technology (New York, 
1961), 627. 
68 W. H. G. Armytage, A Social History of Engineering (London, 1961), 136. 
69 Philip B. McDonald, A Saga of the Seas (New York, 1937), 30, 38. 
70 Ibid.. 47-58. 
71 ~ r i ~ h t  had a greater interest than just the technical aspects of the Atlantic 
cable, for he was an advocate of free trade and hoped that immediate knowledge of 
foreign grain markets would make it possible for England to import grain at  low 
prices, alleviating the high cost of living for the English factory worker. Ibid., 102. 
See also Charles Bright, Submarine Telegraphs: Their History, Construction and 
Working (London, 1898). 
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firm of Bright and Clark was ready to advise Field's chief engineer, 
Samuel Canning, on all the details necessary to lay the cable 
between the United States and England, consequently linking 
San Francisco and New Delhi as well. David Dudley Field, a well- 
known Congregational clergyman and father of Matthew and 
Cyrus, appraised the work of his sons at  a banquet in honor of 
Samuel F. B. Morse in 1863.72 Anticipating the success of the 
Atlantic cable, he said that the farmer in Illinois soon would be 
able to converse with the merchant in Amsterdam, and the German 
on the Danube could instantly contact the Arab under his palm 
tree. Such possibilities, the elder Field thought, would increase 
the opportunity for understanding among all nations and the duty 
to cultivate good will and peace toward all men. When the cable 
was completed in 1866, one of the first messages of congratulations 
Cyrus Field received came from the French engineer Ferdinand 
de Lesseps, who was working on the Suez Canal in Egypt.73 
For the men who understood the potentialities of the knowledge 
and tools at their command, the words civilization and communica- 
tion meant far more than sectionalism and nationalism. Engineers 
spent much of their time traveling to different climates and 
cultures and dedicated themselves to modifying the face of the 
earth for all men. This international perspective and activity has 
made the task of identifying and recording their activities difficult 
for the historian and may account for the fact that the importance 
of this profession has often been o~e r looked .~~  One of the vital 
needs for the actualization of a technical, urban system was a free 
flow of information. This the engineers developed within a rather 
loosely organized exchange of letters and formal papers until their 
professional association institutionalized the process. Their com- 
munication in general displayed the cosmopolitan and objective 
character necessary to all effective instruments of social change 
and seldom reverted into an intimate exchange of personal or 
provincial opinions. The editor of The Railroad Jubilee expressed 
this vision of one great technological and urban complex in terms 
72 David Dudley Field, Modern Eloquence (Philadelphia, 1900), 11, 492. 
73 McDonald, A Saga of the Seas, 144. 
74 Arthur M. Schlesinger, "An American Historian Looks at Science and Tech- 
nology," Isis, XXXVI (1946), 162-63. 
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of Christian ecumenism as early as 1852. He observed that while a 
"metropolis" disbursed culture to the "hamlet," from the village 
flowed "strength and virtue." This entwining of "sea-shore and 
hill-country, mart and grain field, forge and factory, wharf and 
mine," prepared society to "realize, one day, the Savior's prayer, 
that they all may be one."75 
5: The Manipulators of Nature 
The extension of technology in the middle of the nineteenth 
century rapidly modified the established symbols of social standing 
and the means of obtaining wealth and prestige. Changes in the 
flow of commerce, the growth of cities, and the manufacture of new 
products produced a climate of opportunism nurtured by wide- 
spread job mobility. Ambitious men could achieve wealth and 
position more readily in an industrial state, but the security of 
their continuing employment, and hence their social status, was 
uncertain. During a century in which stream replaced manual 
labor, electricity superseded steam, and steel and concrete sup- 
planted the basic building materials of wood, stone, and iron, both 
entrepreneurs and artisans had to abandon centuries-old techniques. 
With them went the status of the farmer and craftsman as well, 
and the image they had enjoyed of achievement through hard 
work, honesty, thrift, and perseverance. 
In this new industrial and urban world, success in the job often 
depended on anonymous public approval of a new fashion in 
clothing or a novel use of mechanical or electrical power. New 
products soon lost their attraction and others, which supplied 
demands just as fickle, replaced them. Men attained social position 
and employment by being able to adjust to and to fulfill the 
changing demands created by technological innovation. Conse- 
quently, the man who could accumulate the symbols of wealth 
and leisure or who was capable of performing such imaginative 
physical feats as building a bridge over Niagara Falls attained 
public attention. Those who reached adulthood after the death of 
Abraham Lincoln could not gain a position of responsibility 
through an identification with the frontier or the farm, nor could 
they obtain a following by reminding the public of a youth spent 
in splitting rails. Technical knowledge was rapidly replacing 
agrarian experience and the skills of the craftsman as the means 
sf securing daily bread, 
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Civil engineers as a group achieved their new professional status 
rapidly and maintained it well. Conditions within American 
society naturally contributed to their rise. The technological 
demands of the age multiplied the opportunities beyond the pro- 
fession's ability to supply competent men. But if the demand was 
so great and the returns so attractive, why didn't such groups as 
architects, inventors, merchants, or even the traditional professions 
challenge engineers for the compensations available here? Tech- 
nological expansion might explain the rise of engineering, but 
one has to look within the profession itself to discover the factors 
that assured its continual growth. One reason was that established 
families and learned professionals who encouraged their sons to 
enter engineering provided a nucleus of men from a group of 
social leaders who were accustomed to possessing power and 
authority in American life. They maintained a prominent position 
by vigorously opposing a close association with the corporation, 
the federal commission, the military, and an agrarian way of life, 
and instead identified with technological innovation, professional 
noblesse oblige, standards of efficiency, competence and precision, 
and the dream of a socially integrated urban society. 
In order to purchase the necessities of life, Americans in the 
late nineteenth-century depended upon cash or credit. Ownership 
of a home, sufficient food, and adequate clothing became the 
concern of a majority of families. To  attain these basic needs, 
men searched for a consistent inc0me.l Thus, those occupations 
like engineering which best weathered technological change gained 
in public esteem. Norman Ware's study of The Industrial Worker 
has shown how automation and technological unemployment 
brought insecurity to almost every tradesman, artisan, and mechanic 
in nineteenth-century life, from the shoemaker to the printer, 
from the building trades to the f a c t ~ r y . ~  The professions were also 
affected. Many professionals had to adjust their services to fit the 
times. Technology brought many changes to the practice of 
1 See Testimony Before the Senate Committee on Education and Labor (Aug. 
1883), I ,  11. Excerpts can be found in Henry Nash Smith, Popular Culture and 
Industrialism, 1865-1 890 (New York, 1967). 258-329. 
Norman 'ware,  The industrial ~ o r k e ; , '  1840-1 860 (Chicago, 1964), first pub- 
lished in 1924, 
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medicine, the content of teaching, and even to law, where the 
courts considered the implications of corporate business enterprise. 
Except for those who accepted the Social Gospel, clergymen 
did not have to change their services, but had to face the monetary 
basis of livelihood and status in an industrial society. In the midst 
of social change the salary of clergymen remained very low. Min- 
isters faced poverty because parishes had failed to adjust salaries 
~ p w a r d . ~  As professionals, the clergy longed for more than the 
necessities of life. A good library, subscriptions to leading journals, 
a traveling allowance to attend regional and national conferences 
as well as ample time for study and meditation were prerequisites 
for a thoughtful and provocative pulpit ministry. In an urban, 
industrial society, even those who taught that the goods of this 
life were ephemeral recognized that men would not be so apt to 
consider the message of a man who was poorly dressed, had an 
inferior education, and lived in substandard s~rroundings.~ 
Beecher's Quarterly, dedicated to the "Young Manhood of 
America," published many articles relating to securing social 
standing in a technological world. I t  advised all yeomen to remain 
on the farm where life was "noble and honorable," unless they 
had the ambition "to do and be something in particular." T o  
attain social recognition, the editors acknowledged, one would 
have to use the city as a steppingstone: for it was only in the city 
that a hundred thousand dollars could "buy for a rude, illiterate, 
and even vulgar person in one day, a social position which a whole 
life's honest labor could not acquire." This magazine, which 
boasted in its subtitle that it was "Pure, Progressive, Practical and 
Popular," admitted that the new America admired, feared, sought, 
and actually worshiped material wealth; it was the basis of social 
power.6 Knowing that honest men were often left without work 
and standards of respectability, Thomas C. Suplee suggested in a 
beautiful passage of transitional rhetoric that artisans should retain 
3 See Moses C. Welch, "The Relations of Pastor and People," Bibliotheca Sacra, 
XI1 (1855), 32. 
4 "Our Local Ministry," Methodist Quarterly Review, XLVII (1865), 529. 
6 "Answers to Correspondents," Beecher's Quarterly, I11 (Feb. 1871). 
6 E. T. Bush, "Why Is It?" Beecher's Quarterly, I (March 1870), 82. 
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their skills in order to have a "busy Zeisure" in their declining years, 
evidently realizing the ambivalence of condoning a nonproductive 
consumption of human energy.7 In an article on "The American 
of the Future," Beecher's Quarterly voiced appreciation for pro- 
fessional training and knowledge in which "fast men" and "dandies" 
had little influence; for such men never built railroads, launched 
steamships, or erected commercial  building^.^ I t  drew attention to 
the transition from the "stable to the study" and acknowledged 
that the work of the future American was to plan cities, build ships 
and locomotives, and stretch cables under the sea and over the 
g1obe.O Engineers gained their professional status by fulfilling 
these capacities. 
One American who became a planner of cities and a builder of 
railroads was W .  Milnor Roberts, a chief engineer on major 
construction projects in both North and South America. Roberts 
testified that the social power of engineering came from its role as 
"the arbiter and final umpire between the parties owning the 
greatest enterprises."1° Jobs and social standing came to the engi- 
neer because of the utilitarian success of his work. Roberts attrib- 
uted such success to responsible management as well as technical 
knowledge; for if an engineer's work proved slipshod and faulty, 
the resulting failure could not be hidden from the public. Conse- 
quently, Roberts felt that engineering involved a greater sense of 
professional responsibility than law, medicine, or theology.ll 
Engineers based their newly acquired status on more than 
professional rhetoric, however. Relatively high salaries, paid by 
American industry and governmental units, increased their prestige. 
Samuel Nott was hired in 1848 as a resident railroad engineer for 
$2,500 a year plus travel and business expenses, a furnished house, 
and $200 a year for office supplies.12 About twenty years later he 
accepted a position as superintendent of the Hartford Water Works 
7 Thomas A. Suplee, "Our Old Folks," Beecher's Quarterly, I (Dec. 1870), 463. 
8 George W. Bungay, "The American of the Future," Beecher's Illustrded 
Magazine, I (Feb. 1870), 57. 
9 Ibid., 59. 
10 W. Milnor Roberts, "Engineering," Transactions A.S.C.E., I1 (1873), 76. 
11 Ibid.. 77. 
12 Not i  ~etterbook, "01. 4, no. 141, Aug. 31, 1847. 
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for $10,000 a year. In 1867 Octave Chanute earned $5,000 a year 
for constructing the Kansas City Bridge.13 John A. Roebling's 
salary as chief engineer on the Brooklyn Bridge in 1869 was $10,000 
a year and his assistant received $5,000.14 In the same year Daniel 
L. Harris traveling through Chicago commented that the city 
engineer's salary there was "merely $4500."15 Harris was not aware, 
however, that Chicago businessmen two years earlier had given 
E. S. Chesbrough a gift of $11,000 in public water bonds.16 
William R. Hutton received $4,000 as general manager and vice 
president to the relatively small Baltimore and Dunn Point Rail- 
road in 1873 and collected at least another $1,200 in consulting 
work.17 During this period civil engineers were paid $26.66 per 
day for work on the Sutro Tunnel, while mechanical engineers drew 
$10.00 per day and miners $4.00.1s At that rate a civil engineer 
could make around $8,000 a year, while miners worked for about 
one-seventh as much. 
For use in preparing job estimates, John Bogart and G. Leverich 
compiled a set of labor rates for the American Society of Civil 
Engineers in 1874, which indicated that the civil engineer was 
among the highest paid salaried workers in the nineteenth century.19 
The median rate of fifteen cents an hour for industrial laborers in 
New Jersey, Massachusetts, Connecticut, and New York and for 
unskilled municipal employees in major cities yielded nine dollars 
a week or under $500 a year. By comparison schoolteachers in 
Somerville, Massachusetts, averaged $775 a year in 1873, while 
the superintendent of schools received $27100.20 Instructors at 
Rensselaer Polytechnic Institute averaged $2,400 in 1866 and 
hoped to obtain $3,000 by 1868.21 In May 1871 Stevens Institute 
tried to hire Professor E. Edward Warren, with an offer of $37500.22 
13 Octave Chanute to his brother, Jan. 4, 1867, OCP. 
14 Roebling papers, 111, 591, JAR. 
15 Daniel L. Harris Diary, Aug. 30, 1869, Baker Library, Harvard. 
16 E. S. Prescott to E. S. Chesbrough, Dec. 2, 1867. Letter in Chicago Historical 
Society collection. 
17 William Hutton Diary, 1873, Smithsonian Institution. 
18 Robert E. and Mary Francis Stewart, Adolph Sutro (Berkeley, Calif., 1962), 
117. 
19 Proceedings A.S.C.E., I (1874), 129-30. 
20 Annual Report for the City of Somerville, 1873. 
21 Trustees minutes for March 16, 1866, Rensselaer archives. 
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Though the salaries of clergymen were usually meager, a few 
churches were very generous. G. N. Webber was called to the 
influential First Presbyterian Church in Troy, New York, in 1874 
for the unusually large salary of $4,000, which was about one-half 
the amount Nott earned in Hartford or Roebling in B r ~ o k l y n . ~ ~  
Of course, professors at  technical institutes and engineers earned 
large supplements to their salaries from consultant fees. Charles F. 
Chandler, dean of the School of Mines at Columbia, received a 
check for $5,000 in 1873 for an analysis of rubber products.24 Henry 
Morton was able to return his whole salary to the school during 
his thirty years as president of Stevens Institute of Technology, 
because of his earnings as a technical consultant to New York 
law firms.25 The Erie Canal offered a prize of $100,000 to any 
engineer who could design an engine to accommodate existing 
canal boats and move a cargo of 200 tons in a six-foot draught at  a 
speed equal to that of horse-drawn power. The design of William 
Baxter, the successful competitor, saved the canal company an 
estimated four million dollars a year in the cost of  operation^.^^ 
Fees and prizes varied with each job and with each making 
it difficult to compare the income of engineers, who were salaried 
and also worked for fees, with those of men in other professions. 
Furthermore, engineering work done on a fee basis reflected 
entrepreneurial outlooks rather than those which were increasingly 
to prevail in the corporate structure of industrial and urban society. 
In the latter, payment for services was based upon an hourly wage 
or a periodic salary which reflected such elements as the power of 
the corporations, the terminal nature of work, the variable aspect 
of business enterprise, and an economy based on liquid assets and a 
flexible cost of living. 
Engineers generally started at rather low salaries but advanced 
22 T~ustees minutes for May 20, 8171, Rensselaer archives. 
23 Troy Daily Times, Jan. 6, 1874; Rev. John A. French was called at the same 
salary in 1873, Troy Daily Times, June 19, 1873. 
24 Letter of Jan. 27, 1873, CFC. 
25 F. D. Furman, Morton Memorial: A History of S t e m s  Institute of Technology 
(Hoboken, N.J., 1905), 182. 
26 American Engineer, I (Sept. 1874), 125. 
27 John Ericsson, for example, received $10,000 royalty for each monitor purchased 
by European countries, Novelty Iron Works to John Ericsson, April 22, 1862, JEP. 
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rapidly. Frank Firth graduated from MIT in 1868 and went to 
work under the resident engineer on the Missouri River, Scott and 
Gulf Railroad for $50 a month plus board. Two months later his 
cash salary had doubled and a year later it was $150 a month.28 
George Stark began on the Nashua and Lowell Railroad as chief 
engineer in 1858 for $4,000 a year plus expenses and retired ten 
years later earning $10,000.29 This was also the amount that 
George Baldwin earned as a consultant on the Quebec City Water 
Works and was comparable to that paid engineers on other munici- 
pal commissions.30 There was a considerable gap between the 
salary of an assistant engineer and a chief engineer. Samuel Nott 
hired an assistant in 1848 for $600 a year, which was about one- 
sixth the chief engineer's pay. I t  usually took from four to seven 
years to progress to chief engineer; the last step was a big one. An 
assistant engineer made littlk more than a skilled craftsman, while 
a chief engineer made from four to eight times as much. Of 
course, the-gap between the salary of a chief engineer and the fee 
of a consulting engineer could be as great. Dwight Goddard 
reported that William R. Tones made $50,000 a year as an 
administrative consultant to kndrew Carnegie.31 
- 
John B. Jervis, whose engineering career spanned most of the 
nineteenth century, argued that the engineer was no less a pro- 
fessional for accepting a yearly salary. He felt it was necessary for 
objective, effective leadership that an engineer be "so completely 
content with his salary that his mind would be wholly devoted to 
the work placed under his charge." Jervis was decidedly against the 
English practice of "jobbing the engineering of railways at a 
percentage of five or more percent."32 This method tempted the 
engineer to increase costs, encouraged speculation, and rewarded 
the "superficial acquisition of wealth." He reasoned that salaried 
positions reduced material motives and furthered a sense of duty 
28 Octave Chanute to Mary C. Firth, Sept. 7, 1872, OCP. 
29 Nashua and Lowell papers, Tune 22, 1858, and Nov. 23, 1869, Baker Library, 
- .  
Haward. 
30 See Quebec City newspaper clippings in Baldwin material, Baker Library, 
Harvard. 
31 Dwight Goddard, Eminent Engineers (New York, 1906), 136. 
32 John P. Jervis, Railway Property: A Treatise on the Construction and Manage- 
ment of Railways (New York, 1861 ), 61-62. 
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and service as one sought "noble and responsible" objects of work. 
In a land that often equated quantity with quality, the large 
cost of the public works which engineers supervised added prestige 
to their status and power, which salary alone could not provide.33 
With the cost of such projects as the Hoosac Tunnel amounting 
to over seven million dollars and a single bridge designed by John 
Roebling in New York costing fifteen million dollars, it is not 
difficult to comprehend that American railroads alone invested 
over four billion dollars by 1876.34 
The scarcity of trained men also aided the profession. The 
demand for engineers was so great during the nineteenth century, 
that the American Society of Civil Engineers did not concern 
itself with salary structures or with the placement of its members, 
as did practically every association of men in other professions. A 
proposal for an insurance program for civil engineers died from 
lack of interest.36 Like lawyers, engineers usually accepted assign- 
ments for new projects before they had completed their current 
obligations. Octave Chanute, for example, though he declined an 
offer by James Eads to become chief engineer of the St. Louis 
Bridge, accepted numerous executive positions around Kansas City 
before work was completed on the Kansas City Bridge.36 Few 
engineers stayed with major projects to their completion; conse- 
quently, many new men were needed to fill vacancies. James L. 
Randolph, chief engineer of the Baltimore and Ohio, wrote to 
President John W. Garrett in 1869 that he had to fill all the 
engineering positions with inexperienced men.37 Applications for 
positions made to the Baltimore and Ohio after the Civil War 
were primarily from men seeking their first e m p l ~ y m e n t . ~ ~  These 
33 Prestige gained from supervising costly structures was discussed as early as 1849. 
See Transactions N.Y .S.I.C.E., I, 6. 
34 Poor's statistics in 1869 listed 42,255 miles of track in the United States at an 
estimated investment of $1.8 billion. By 1876, 94,000 miles of track had been 
completed, which would have been a little more than double the 1869 investment 
or $4 billion. Van Nostrand's Engineering Magazine, I (Jan. 1869), 662. 
36 C. W. Hunt, Historical Sketch of the American Society of Civil Engineers (New 
York. 1897). 
360ctave Chanute to James B. Eads, June 27, 1868, OCP. 
37 J. L. Randolph to John W. Garrett, Spring 1869, Baltimore and Ohio papers, 
Smithsonian Institution. 
3s See Baltimore and Ohio papers, Smithsonian Institution. 
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letters, like many in the files of such men as Octave Chanute and 
Samuel Nott, all touch upon knowledge, experience, industry, and 
efficiency-the new criteria of usefulness both to the profession 
and to the age. 
Trained to anticipate change, practical-minded engineers recog- 
nized that new materials and methods would render their own 
work obsolete. Consequently, they faced constant pressure to keep 
abreast of the technical-social demands they helped to create. 
Though the railroad employed the majority of engineers until 
about 1870, after that date these men began to develop industries 
such as steel, coal, power, and manufacturing which the construc- 
tion of railroads had initiated. When a French engineer wrote to 
Octave Chanute in 1869 asking about opportunities to practice in 
America, Chanute advised him to enter mining where it was 
easier to attain eminence and fortune than in building railroads. 
The latter, he said, rarely called for "any high scientific attainments" 
such as a knowledge of chemistry and metallurgy. Among the 
many jobs available in the United States, he added, the most 
lucrative was in the management of coal, iron, copper, silver, or 
gold mines.39 
In the latter half of the nineteenth century the profession 
attracted many sons of leading American families. Alexander 
Cassatt, Mendes Cohen, and Hamilton Smith came from homes 
of considerable wealth. The fathers of Montgomery C. Meigs, 
Arthur M. Wellington, G. E. Detmold, and Isham Randolph 
were physicians. The fathers of E. B. Coxe, Louis Janin, David M. 
Stauffer, and Onward Bates were attorneys; Bates' father became 
chief justice of the Missouri Supreme Court. Robert Stanton, 
J. F. Wallace, Henry Morton, James D. Hague, and George S. 
Morison grew up in the homes of clergymen. John Newton's father 
was mayor of New York City and Alexander Holley7s was governor 
of Connecticut. The fathers of Octave Chanute and Horatio Allen 
were college professors, and the fathers of Daniel L. Harris, Squire 
Whipple, and W .  E. Worthen owned cotton mills.40 
39 Octave Chanute to C. Coiret, Feb. 11, 1869, OCP. 
40 Career sketches of these men can be found in the Dictionmy of American Biog- 
raphy or Transactions A.S.C.E. 
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At the beginning of the nineteenth century American engineers 
sometimes encouraged their sons to choose another profession, 
complaining that their vocation offered more anxiety than profit.41 
Benjamin Latrobe, Frederic Graff, and Charles Ellet all suggested 
that their sons enter into law or business. But all three sons at  last 
chose their father's profession and through it attained eminent 
positions in American life. Benjamin Latrobe, Jr., built much of 
the Baltimore and Ohio Railroad, Frederic Graff, Jr., became chief 
engineer of the Philadelphia Water Works, and Charles Ellet, Jr., 
constructed the first suspension bridge in the United States. After 
1850, however, civil engineers encouraged their sons to follow in 
their footsteps.42 The sons of Albert Fink, John Roebling, Louis 
Janin, Thomas Casey, Samuel M. Felton, George S. Green, James 
B. Francis, Daniel L. Harris, Montgomery C. Meigs, Alfred Noble, 
F. P. Stearns, and William H. Wilson all took this path. Octave 
Chanute comforted Albert Fink on the death of his son by noting 
that the younger Fink had devoted his life to subduing a continent 
and managing the most powerful engine that man had yet devised 
for material improvement. In other ages, he wrote, the son "might 
have been a scholar, or a priest, or a statesman," but in nineteenth- 
century America, engineering was the major challenge for one who 
sought to be on the cutting edge of history.43 Robert L. Stanton 
chose an engineering career after witnessing the loss of prestige 
and power in the ministry, his father's profession. The elder 
Stanton, a leading Presbyterian, a friend of Charles G. Finney, and 
a moderator of the General Assembly, lost his position as president 
of Miami University because the trustees thought his administra- 
tion was too aggressive and determined. The younger Stanton 
found a job on a surveying crew to assist the family, and chose 
thereafter to follow engineering because it rewarded "study and 
strong  principle^."^^ By 1873 the American Engineer urged that 
4 1  See sketch of Frederic Graff in the Dictionary of American Biography, VII, 466. 
42 A. Milnor Roberts in his "Engineering" address to the A.S.C.E. in 1872 related 
that the youth of the country were then attracted to the vision of America that 
could be fulfilled in the engineering profession, Transactions A.S.C.E., I1 (1873), 76. 
43 Octave Chanute to Albert Fink, July 27, 1872, OCP. 
44 Robert L. Stanton, "Reminiscenses," and also letter, Robert L. Stanton to 
President Alston Ellis, May 17, 1909, RLS. 
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"those who desire to fit their sons for professions at  once in the 
highest sense respectable, and remunerative" ought to consider 
engineering. I t  was considered to be a fashionable profession for 
those who sought leadership and "the recognition of intellectual 
power."45 
The career of Ely Samuel Parker illustrates how admission to the 
profession enabled a native American Indian to attain a position 
of leadership in American life.48 Born in Genesee County, New 
York, of a Tonawanda Seneca chief, Parker received his first educa- 
tion at a Baptist missionary school. He became a sachem of his 
tribe and on one occasion dined with President James Polk. Parker 
then studied law, but was refused admission to the bar because 
he was not an American citizen. He registered for several courses 
at  Rensselaer and took an engineering job on the government 
works at  Galena, Illinois. Later, as a captain of engineers in the 
Civil War he joined Grant at  the siege of Vicksburg. He left the 
Army in 1867 as a brevet brigadier general to become United States 
Commissioner of Indian Affairs. Additional episodes such as his 
rapid advancement in the Masonic order and his transcription of 
the official document that ended the Civil War, mark Parker as a 
man who sought more than security; his goal was social eminence 
as well. The engineering profession gave him the administrative 
experience, the personal contacts, and the professional status neces- 
sary to reach that goal. 
In order to excel and gain both social eminence and professional 
status, it was usually necessary for engineers to gamble with their 
personal security. Theodore Cooper, of the Rensselaer class of 1858, 
staked his future on his capacity to solve technical problems when, 
after spending twelve years as an assistant engineer in the navy 
and as an instructor at  Annapolis, he resigned in 1872 to accept 
a terminal appointment as inspector of steel on James Eads' 
St. Louis Bridge.47 Cooper then freelanced for five years as an 
engineer on wharves, buildings, piers, foundations, bridges, rail- 
46 American Engineer, I (Nov. 1873), 13. 
46 See sketch of Ely Parker in the Dictionary of American Biography, XIV, 219-20. 
47 See sketch of Theodore Cooper in "Class of 1858," in Biogrdphical Record of 
the Oficers and Graduates of the Rensselaer Polytechnic Institute, ed. Henry B. 
Nason (Troy, N.Y., 1887), 311-13. 
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roads, and tunnels before he opened his own consulting office in 
1879. In the following years he helped design the Hudson Bridge, 
the New York Public Library, the Quebec Bridge, the rapid transit 
systems in New York and Boston, and served on the Harlem River 
Commission. His eventual independence and leadership was not 
dependent upon seniority and institutional loyalties, but upon 
his capacity to apply new ideas and a willingness to put professional 
status above personal security. He had rejected secure employment 
and guaranteed retirement income for a chance to participate in the 
major works of the age, and was amply rewarded. 
Mobility was an important factor here. Because of the specula- 
tive nature of business enterprise, engineers avoided attaching their 
fortunes to any one corporation or to any single undertaking. Of all 
those involved in building the first transcontinental railroad, for 
example, only one, Hezekiah Bissell, worked continuously from 
1864 until the golden spike was driven in 1869, and Bissell recog- 
nized later that this was not a completely wise decision.48 Through 
many disappointing experiences engineers became realistic about 
the terminal aspects of their projects and put their faith in 
accumulating knowledge and experience rather than in the suc- 
cessful completion of some magnum opus. President James Forsyth 
of Rensselaer called this "mastering of the mind" and adaptability 
of the engineer the distinguishing characteristic of the profes~ion.~~ 
He advised students that everything depended "on the degree of 
intelligence and understanding" they brought to their tasks and 
upon their success in cultivating the image of a well-read, well- 
informed man, eager to put ideas into practice in a variety of 
projects. 
Maintaining a separate autonomy within the corporations and 
projects that provided them with employment gave civil engineers 
the freedom to criticize and oppose the opinions of their superiors. 
Many resigned from positions when they felt that their professional 
advice was rejected or circumvented, thus establishing the profes- 
sion's reputation for independent decisions. William Magrau, 
named superintendent of construction of a wagon road from 
48 See Hezekiah Bissell papers, "Personal Note," 13, Smithsonian Institution. 
49 Troy Daily Times, June 27, 1872. 
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Laramie, Wyoming, to California, demanded that F. W .  Lander 
and H. K. Nichols, the project's engineers, sign a contract that 
would leave major decisions to the superintendent's discretion and 
judgment.K0 Lander, who signed the document only at the pleading 
of the secretary of the interior, went out of his way to avoid any 
collisions with Magrau. Halfway through the construction, how- 
ever, Nichols and his crew clashed with the superintendent, 
resigned, and left the work uncompleted despite ~ander 's  protest 
that Nichols should fulfill a contract which he and Lander realized 
from the beginning limited their professional prerogatives. 
A similar situation occurred when Charles Ellet, Jr., began the 
first railroad suspension bridge over Niagara Falls; he first con- 
structed a temporary footbridge eight feet wide. Relations then 
grew strained between the engineer and his employers, and Ellet 
"took possession of the foot bridge, threw up earth works at  the 
entrances, planted cannon, collected the tolls for himself, and 
defied the bridge company," as Washington Roebling described it, 
but all to no avail.51 The owners called upon a sheriff's posse and 
the local militia, which stormed the bridge; the owners then fired 
Ellet and retained John Roebling to complete the project. 
John Roebling7s son, Washington, also faced many conflicts in 
completing his father's major project, the Brooklyn Bridge. Wash- 
ington wrote, "I can only do my work by maintaining my inde- 
pendence." He claimed that in his thirteen years of work on the 
project, the board of trustees spent most of the time "quarrelling 
among themselves over petty trifles or in insulting the  engineer^."'^ 
Not only did engineers maintain their professional status while 
on the job, but they considered future assignments in light of their 
desire for independent authority. Robert Stanton recalled that he 
turned down his first opportunity to become a chief engineer 
because he thought the position would not give him the executive 
powers necessary properly to perform a competent piece of worksK3 
Stanton had refused to succeed Jacob Blickerderfer as chief engineer 
50 F. W. Lander to H. K. Nichols, Sept. 23, 1857, F. W. Lander papers, Library 
of Congress. 
61 W. A. Roebling to F. M. Culby, I, Roebling Letters, 26-27, JAR. 
52 Alan Trachtenberg, Brooklyn Bridge, Fact and Symbol (New York, 1965), 108. 
53 Took place in April 1877, see Stanton, "Reminiscences," RLS. 
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of the Dayton and Southeastern Railroad because "the contractors 
had always paid little attention to the orders of the engineer" and 
the board "in every case sustained the contractor against the 
engineer." 
The fluid structure within the profession also strengthened its 
image. Young, active, creative members often challenged the 
thinking of senior engineers. For example, in the early 1850s the 
Baltimore and Ohio Railroad used the Wendell Bollman truss, but 
before the end of the decade the railroad was replacing Bollman's 
design with the bridge truss of a young, ambitious immigrant 
engineer, Albert Fink. In an occupation where ideas and employ- 
ment were in a state of constant flux and development, prestige 
and status were less contrived and, consequently, the prifessidn 
enjoyed a positive public image. 
Their image also gained respect through the professional's com- 
mitment to public responsibility and civic service. A major distinc- 
tion separated mechanical from civil engineering at this point. The 
element of noblesse oblige was more characteristic of the men who 
- 
built bridges, managed railroads, designed city water and sewerage 
systems, and improved rivers, harbors, and canals, than of the 
mechanical engineers. The latter were less mobile, worked with 
close tolerances of the machine shop, and developed engines or 
other instruments of locomotive power.64 Linked thus to "shop 
culture" rather than to cosmopolitan outlooks, mechanical engi- 
neers accepted the tradesman's view of the dignity of "handwork" 
and sought more to preserve the customs of the craftsman than to 
acquire the learned skills of the profe~sional.~~ The gentry who 
ran the machine shops were basically uninterested in public admin- 
istration, in publishing reports, or in assuming the responsibility 
for public health, safety, and economy. Few of them were willing 
to rest their security or status solely on their ability to direct the 
design and improvement of machinery. Less than 3 percent of 
54 See Monte Calvert, The Professionalization of the American Mechanical Engi- 
neer, 1830-1 910 (Baltimore, Md., 1967). 
55 Everett C. Hughes has written that "most occupations rest upon some explicit 
or implicit bargain between the practitioner and the individuals with whom he works, 
and between the occupation as a whole and society at large about receiving, keeping, 
and giving out of information gathered in course of their work." Men and Their 
Work (Glencoe, Ill., 1958), 81. 
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nineteenth-century mechanical engineers ever became  consultant^.^^ 
The attachment of mechanical engineers to shop culture com- 
plemented their entrepreneurial approach to management. They 
clung to the laissez faire tradition and displayed the profit-con- 
sciousness of private ownership. Most shops operated on a personal 
basis. Mechanical engineers feared bureaucracy and preferred an 
informal atmosphere where structured procedures and formal 
memorandums were kept to a minimum. At one point in the 
development of the railroads, mechanical engineers might have 
assumed full direction of maintenance and operation, but the 
provincial, entrepreneurial model prevented them. Rather than 
become bureaucrats in large impersonal corporations, they chose 
to remain with the machine shop where their prestige and decisions 
would seldom be questioned. Their first organizations were 
actually social clubs rather than professional societies and aimed 
chiefly at promoting "acquaintance and good feeling" amidst 
"comfortable  surrounding^."^^ 
Civil engineers, on the other hand, cultivated a public image 
of responsible and utilitarian service. They were often willing to 
initiate substantive undertakings that could either enhance or 
destroy their careers. In 1859 F. W. Lander sought congressional 
approval to build a railroad from Onlaha to Salt Lake City for five 
thousand dollars a mile, provided he be allowed to import the 
rails without The distance was one thousand miles and the 
cost would have been around five million dollars, about one-tenth 
the actual cost of building the Union Pacific over that route seven 
years later. A more successful venture in the transportation revolu- 
tion came when James B. Eads proposed to Congress in 1874 to 
invest ten million dollars at his own risk and that of his associates 
to open the delta of the Mississippi River with a channel twenty- 
eight feet deep.59 For over fifty years military engineers had 
attempted to improve navigation by dredging the mouth of the 
Mississippi River. They had never succeeded in providing for 
56 Calvert, The Professionalization, 140. 
57 "The Society of  Engineers and Associates," Van Nostrand's Engineering Maga- 
zine, I (May 1869).  
68 National Intelligencer, Washington, D.C., March 2 2 ,  18 59. 
59 Elmer Corthell, A History of the Jetties at the Mouth of the Mississippi River 
(New York, 1880).  
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more than a fourteen-foot channel. Ten months after Eads and 
Elmer Corthell took over the project, ships drawing twenty-two 
feet could advance one and one-half miles. By the time the South 
Pass Jetties were completed, Eads had assured St. Louis and New 
Orleans of many additional millions of dollars in imports and 
Eads' career illustrates the drive of a man who early in life 
achieved financial security and local fame, but who sought new 
challenges and had the energy to fight for innovation. Eads was 
$25,000 in debt in 1848, but by 1857 had amassed a fortune as 
captain of a salvage steamboat on the Mississippi River. From 
1857 to 1861 the "Captain" lived in aristocratic retirement and 
traveled in Europe.61 During the Civil War he gained national 
attention by building a fleet of armor-plated, steam-propelled 
gunboats. After the war, Eads planned the first spanning of the 
Mississippi River at St. Louis, a project that brought him interna- 
tional fame and prestige. The bridge, pronounced "impracticable" 
by twenty-seven engineers, was completed in 1874 and became 
one of the monuments of the age. Eads did not leave his large 
house and rose gardens and stake his name and reputation upon 
such projects because he needed wealth or security. Though con- 
temporaries were impressed with the story of such a Cincinnatus 
leaving retirement to span the ravaging river and tame its sprawling 
Eads himself found little romance in his struggle with 
investors, contractors, government commissioners, and military 
engineers in the seven years of effort it took to construct the St. 
LO& Bridge. During <he following four years of controversy over 
the South Pass Jetties at  the mouth of the Mississippi, success 
instead of sentiment sustained him. Though by 1878 he had 
attained world renown and was rewarded with several honorary 
degrees, membership in the British Institution of Civil Engineers, 
and the Albert Medal, he again faced unimaginative opposition in 
his attempt to unite the Atlantic and Pacific oceans with a ship 
railway across Mexico. 
The real conflict over the South Pass Jetties was not, however, 
60 New Orleans Times, July 9, 1876; New Orleans Picayune, April 15, 1876. 
61 Louis HOW, James B. Eads (New York, 1900), 43. 
62 New Orleans Times, July 9, 1876. 
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between a board of directors and its engineer, nor between the 
contractors and the engineers, but between military and civil 
engineers.63 A confrontation had been brewing for twenty-five years 
between federally trained and civic-minded engineers. The conflict 
burst into the open when Elmer L. Corthell read a paper before 
the American Society of Civil Engineers in which he stated that 
the education and experience of military engineers did not qualify 
them to supervise public works. Federally financed projects, he 
declared, should be placed in the hands of civilian engineers trained 
to perform such tasks.64 At the time that the Mississippi Jetty 
project was under consideration, Carl Schurz told fellow senators 
that for thirty-seven years military engineers had been "scratching 
and scraping at the mouth of the Mississippi, and today the depth 
of water is no greater than it was then." The United States was 
the only civilized country, he noted, where such enterprises were 
left exclusively to the military. The time had come to call upon 
"the genius and skill of the civil engineers of America" who had 
"tunneled our mountains, run our railroad tracks thousands of 
feet above the level of the sea," and "built the foundations of our 
magnificent bridges."65 
Corthell pointed out to the American Society in 1885 that the 
sixty military officers in charge of the numerous public works of 
the federal government supervised about three hundred civilian 
assistant engineers, as well as numerous draftsmen, surveyors, 
inspectors, and superintendents. These civilian subordinates, he 
said, were often better informed and more skillful than their 
military superiors. Consequently, few of the former remained long 
in the employ of the federal government. 
In the discussion that followed the Corthell paper, Captain 
William H. Bixby and Colonel William E. Merrill defended the 
professional competence of the military Corps and found the only 
difference between civil and federal engineers to be the rather 
meager wages of the latter.66 Octave Chanute, Francis LeBaron, 
63 Ibid. 
64 E. L. Corthell, "Ten Years Practical Teachings in River and Harbor Hydraulics," 
Transactions A.S.C.E., XV (1885); see also E. L. Corthell, History of the Jetties, 25. 
66 Ibid., 26-27. 
66 "Discussion on a Paper by Elmer L. Corthell, A.S.C.E., on the South Pass 
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and D. J. Whittmore pointed to the record of the South Pass 
Jettiesas7 The fact that a ship's capacity had been increased from 
20,000 bushels to 144,000 bushels per load, LeBaron said, proved 
who was the true civil engineer.68 A. P. Boller, a graduate of Rens- 
selaer, mediated the argument, reasoning that the real contention 
was over professional qualifications. He urged frank admission that 
both the army and the civilian had able engineers, and that con- 
sequently, civil engineers should be given proper government 
recognition and be put in charge of some federal  project^.^' 
The growing power and influence of the civil engineering pro- 
fession paralleled the diminishing emphasis on engineering at the 
military academy. From the founding of West Point in 1802, the 
Corps of Engineers directed the education of cadets until there was 
a change in 1866.70 Thus the military academy, one of the major 
sources of professional engineers before the Civil War, no longer 
trained a significant number of men who would eventually become 
civilian engineers. Among the most prominent engineers in the 
latter half of the nineteenth century, only a few, such as William 
Sooy Smith and Thomas Casey, graduated from West Point after 
1850. Such outstanding army men as George B. McClellan, John 
G. Barnard, P. B. T .  Beauregard, James C. Duane, Herman Haupt, 
James H. Simpson, and Montgomery C. Meigs all graduated 
before 1850. Moreover, many military engineers such as Grenville 
M. Dodge were not products of West Point, but obtained their 
titles through wartime service. The diminishing number of public 
projects supervised by military engineers paralleled the declining 
influence of West Point in the engineering field. During the 
25-year period of technological expansion and growth from 1840 to 
1865, the United States government appropriated only $6,297,634.60 
to projects directed by the Corps of  engineer^.^^ Though these 
appropriations were increased in the decade after the Civil War, 
Jetties: Ten Years' Practical Teachings in River and Harbor Hydraulics," Trans- 
actions A.S.C.E., X V  (1885), 254, 255. 
67 Ibid., 263-64. 
6s Ibid., 263. 
69 Ibid., 283. 
70 W .  Stull Holt, The Ofice of the Chief of Engineers of the Army, Its Non- 
Military History, Activities and Organization (Baltimore, Md., 1923).  
71 Ibid., 135. 
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the total expenditures of fifty-one million dollars in the 35-year 
prior to 1875 were rather insignificant in comparison with the 
multimillion dollar developments that civilians supervised. 
The South Pass Jetties did not trigger the first conflict between 
civilian and military minds. As early as 1853 Frederick W. Lander 
clashed with Major Isaac I. Stevens over the most economical and 
practical route for the Northern Pacific Railway. When Major 
Stevens ignored Lander's recommendation that the Northern 
Pacific follow a southern route, Lander organized a surveying party 
at his own expense, explored that area between the dalles of the 
Columbia River and the South Pass, and submitted his report to 
congressional leaders. He indicated that his findings were based 
on the integrity of an independent profession that established its 
reputation through accurate reports. He made it clear in a number 
of public speeches that his livelihood depended upon his profes- 
sional reputation and not upon the security of a military title backed 
by a periodic paycheck.72 
Other men also had occasion to object to the competence of 
military engineers. In March 1861 William Hutton resigned as 
the chief engineer on the Washington Aqueduct, after disagreeing 
with the administration of Captain M. C. M e i g ~ . ~ ~  In 1874 at the 
Semi-centennial Celebration of Rensselaer Polytechnic Institute, 
Norman Stratton declared flatly that West Point had lost its 
importance as a source of civil  engineer^.^^ John Ericsson's prob- 
lems with the armed services are legend. Conflict accompanied 
practically every ship and piece of ordinance he de~igned.~" 
The mobile and international civil engineer, who developed a 
cosmopolitan philosophy based on peace and world unity, thus 
displayed a different perspective from that of the patriotic and 
military mind of the West Point graduate. The profession of civil 
engineering did not develop within the security of the military 
establishment. The success of the Syn Island Levee and the South 
72 "Address of Colonel F. W. Lander, on Inter-oceanic Railroads," San Francisco 
Alta, Sept. 22, 1859. 
73 W. R. Hutton to M. C. Meigs, Letterbook one, 102, 109, WHR. 
74 Proceedings of the Semi-Centennial Celebration of the Renssekzer Polytechnic 
Institute (Troy, N.Y., 1875), 91. 
75 Ruth White, Yankee from Sweden: Dream and Reality of John Ericsson (New 
York, 1960). 
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Pass Jetties represented in fact the climax of a continuing challenge 
to the establishment. The outcome had been determined by the 
previous quarter century of development. 
One sign that engineers had by the 1870s achieved some public 
recognition as competent professionals was the journalistic use of 
the term engineer as a social model. In 1873 H. L. Wayland 
published in the Baptist Quarterly a biography of Thomas B r a s ~ e y . ~ ~  
Wayland called Brassey, who was actually a contractor, an engineer, 
and praised his cosmopolitan influence. Brassey7s work carried him 
to five continents and his income was measured in the millions. 
According to Wayland, status in an industrial society came to those 
willing to initiate their own projects, provided they acknowledged 
the worth of accuracy and justice and the importance of placing 
professional integrity above private interest.77 Such was the cyclical 
nature of professional status in an industrial society. Social accep- 
tance provided economic security, but this security might have to 
be risked temporarily in order to maintain the image of professional 
integrity, which in turn was one important basis of the professional's 
social acceptance. 
By 1874 engineers had fulfilled the image of well-organized and 
competent technologists whose workmanship was both remunera- 
tive and meaningful. A. P. Boller, a leading consulting engineer in 
New York, boasted in his remarks to the 1874 graduating class of 
Rensselaer that Americans placed such trust in the competence 
and integrity of his profession that they rarely questioned the 
stability and utility of their services and  structure^.^^ During this 
same year James B. Francis, Theodore G. Ellis, and William E. 
Worthen investigated the failure of the dam on the Mill River in 
Massachusetts. They reported to the American Society of Civil 
Engineers that no engineer had been responsible for its design or 
e x e c u t i ~ n . ~ ~  Worthen commented that the $34,000 project should 
not have cost more than $15,000 in the first place. The county, 
he declared, had spent over $15,000 educating the contractor and 
76 H. L. Wayland, "A Captain of Industry," The Babtist Quarterly, VII. See 
Michael Robbins, The Railway Age in Britain (Baltimore, Md., 1965), 29. 
77 Ibid.. 163. 
78 proceedings of the Semi-Centennial Celebration, 33-34. 
79 "The Failure of the Dam on the Mill River," Tran~actiorq A.S.C.E., I11 (1874), 
122,  
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incurred a million dollars in court claims for damages, all from its 
failure to consult a trained engineer.80 
Meanwhile engineers, conscious of their new role in society and 
concerned with their professional image, often enjoyed a rather 
ostentatious private life.81 Travel as well as fine homes, concerts, 
art collections, and carpeted libraries of rare books complemented 
the social life and raised the prestige of many nineteenth-century 
engineers.82 
Jacob Abbott romantically pictured this image of leisure and 
status in a children's storybook entitled The Engineer, published 
in 1856. The book began: "The name of the engineer was Colonel 
Markham. He lived in a beautiful house on the banks of the North 
River. He had a study in his house, with a large window in it, 
which looked out upon the river. He used to spend a great deal 
of time in this study when he was at home, reading books of Mathe- 
matics and engineering, and drawing plans of the work that he had 
surveyed when he was away on his  expedition^."^^ Abbott's descrip- 
tion of the elegantly furnished home, like his emphasis upon the 
engineer's concern for efficiency, his experience of mobility, and 
his passion for study were authentic. But he ignored the urban and 
executive role of the engineer, picturing instead the rustic aspects 
of travel and adventure in the woods. Moreover, he gave a military 
title to his representative engineer, perpetuating another inac- 
curacy. 
Professional status in American society had usually implied a 
distinct title, as "doctor," "reverend" or "father," "professor," 
11 counselor." Engineers generally used an academic symbol rather 
than an honorary title, placing "C. E." or "M. E." after their 
names in correspondence and official documents, and inevitably 
capitalizing the word engineer. The most common designation 
that an admiring public gave them, however, was military. News- 
80 Ibid. 
81 E. C. Hughes in his study of professionalization concludes that "the concept 
of profession in our society is not so much a descriptive term as one of value and 
prestige." Hughes, Men and Their Work, 44. 
82 This is especially evident in the careers of William Hutton, Horatio Allen, 
Mendes Cohen. A.  W. W. Evans. Octave Chanute, Tames Eads, and Hezekiah 
Bissell. 
83 Jacob Abbott, The Engineer (New York, 1856), 13, 
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papers referred to "Captains" John Ericsson and James B. Eads, 
"Colonel77 Octave Chanute, "Major" Benjamin Harrod, and "Gen- 
eral" Herman Haupt, a practice that was almost universal, though 
only about one-third of those active during the period had been 
military officers, and many of them, including Chanute, objected 
to the title.84 Nevertheless, the profession sought ways to discourage 
outsiders from assuming professional titles. One of the most 
respected designations was "chief engineer," since in many corpora- 
tions that office carried more authority and prestige than either 
vice president or superintendent. The army and navy reserved the 
term "chief engineer" for regular officers, however, to which civilian 
engineers objected. Both William Hutton, who worked on the 
Washington Aqueduct, and Frederick W .  Lander, who served on 
the Northern Pacific survey, refused to accept the title "assistant 
engineer" which army regulations assigned t i  civilian professionals 
working on a government project.85 John B. Jervis warned prospec- 
tive clients in 1861 not to be misled by fancy titles or a technician's 
ability to bewilder with fancy  calculation^.^^ A pretentious intro- 
duction, he said, might indicate an ability to "collect statistics, 
run levels, set pegs and copy drawings," but gave no guarantee of 
the capacity to understand "the strength, durability, and adapta- 
tion of materials." Previous training and accomplishment, and 
good name in the profession, he said, were more important than 
fancy titles in protecting an undertaking from suspicion that it 
was merely an idle scheme.87 
As the engineering profession matured, it employed a different 
set of symbols from those by which, previously, American leaders 
had sought to identify themselves with their age. Earlier genera- 
tions had been attracted to the ideals of nature, individualism, and 
manifest destiny. Andrew Jackson and Abraham Lincoln effectively 
used symbols representing these ideals to gain political power, just 
as Ralph Waldo Emerson and Henry Thoreau employed them in 
seeking cultural leadership. Likewise, artists of the Hudson River 
84 Octave Chanute to Mary L. Firth, Oct. 26, 1872. 
85 William R. Hutton to Colonel W. P. Craighill, Oct. 6, 1873, and "Address of 
Colonel F. W. Lander, on an Inter-oceanic Railroad." 
86 Jervis, Railway Property, 244-45. 
87 Van Nostrand's Engineering Magazine, I (Feb. 1869), 109, 
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School, writers like James Fenimore Cooper and Herman Melville, 
reformers such as Albert Brisbane and Theodore Parker, and econo- 
mists such as Edward Atkinson and William Leggett believed 
with Jackson and Lincoln that there was a transcendent power 
within nature which could restore harmony and order to human 
society by renovating the individual conscience. Engineers whose 
mission was to improve nature, however, made little use of the 
myth of the garden.88 Committed to the machine age, they held 
few illusions about the forest or the frontier, despite the amount 
of time they spent studying the rivers, mountains, valleys, and 
material resources of America. Their reputations depended on the 
utilization of nature, rather than its glorification. Their rape of 
the virgin land was intended for man's benefit. The  major 
stumbling block to comfort and pleasure in the Mississippi Valley, 
for engineers like Elmer Corthell and James Eads, was the unde- 
veloped terrain. 
Mark Twain's literary approach to the Mississippi River in 
Huckleberry Finn thus stands in stark contrast to Elmer Corthe117s. 
Twain pictured the river as a symbol of escape and freedom while 
the engineer viewed it as an ambivalent force which in its natural 
state could destroy production and retard civilization. Corthell 
spent four years building the million dollar Syn Island Levee near 
St. Louis, which by 1875 had reclaimed 110,000 acres of lush 
farmland. In its natural state, he noted that the Syn Bottom was 
wasteful, sickly, and stagnant, surrounded by ''desolate farms and 
despondent individuals"; in his hands it became one of the most 
"healthy, prosperous, improved sections of the farming country, 
anywhere to be found."89 The St. Louis Times reported the event 
with the headline "A Malarial Swamp Made to Bloom Like a 
Rose.'700 The St. Louis Democrat praised Corthell's efficiency and 
88 The literature on this topic is voluminous. Marvin Meyers, The Jacksonian 
Persuasion: Politics and Belief (New York, 1960), discusses economics and politics. 
Sidney Fine, Laissez Fare  and the General Welfare State (Ann Arbor, Mich., 
1964), traces the intellectual patterns of this image. Daniel Aaron, Men of Good 
Hope (New York, 1961), compares the reformers of this tradition, as does Norman 
Ware, The Industrial Worker (Boston, 1924). See also Henry Nash Smith, Virgin 
Land (New York, 1957) and John W. Ward, Andrav Jackson: Symbol for an Age 
(New York, 1955). 
89 E. L. Corthell to Hannibal, Mo., newspaper, April 29, 1873, ELC. 
90 St. Louis Times, Sept. 20, 1876. 
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energy with the observation that fields of grain were "luxuriating 
in the summer sunshine where, without the protection of this 
shield of earth, the waters of the great river would run destructive 
riot."91 Consequently, the pragmatic-minded technologists helped 
journalists to perpetuate the "myth of the garden"; those who 
industrialized nature were praised by those who glorified it. 
Engineers were pioneers of the frontier, but did not identify 
with its life. John B. Jervis did not think the wilderness was a 
desirable place for humans to live until engineers had "enlarged 
facilities of intercourse" so that remote settlement might have 
"articles of necessity and comfort." Identification with the pastoral 
life, he felt, would deprive men of the norms of intellectual and 
moral culture, which were the distinguishing aspects of a mature 
civilization. The engineer's role, Thomas Telford had declared as 
early as 1828, was to utilize the forces and materials of nature for 
the benefit of human society. Jervis testified that he had lived 
through the "great transformation"; men had become tired of lone- 
liness and privation, and were now demanding the conveniences 
that technology, industry, and civilization promised.g2 
Nature thus became to the engineer the symbol of a neutral, 
inert reality, without promise of either benevolence or felicity. The 
rays of the sun were for John Ericsson an untapped sources of 
mechanical energy, which man should utilize to supply his  need^.^" 
Eddy D. Mason, pitting his skill as a bridgebuilder at  Hannibal 
and St. Joseph against the challenges of the Mississippi, was, with 
his colleagues elsewhere in the profession, taking side with the gods 
against the destroying giants. Only the engineer's patience and 
watchful skill in meeting and overcoming obstacles assured man's 
success over nature.04 A creative struggle between knowledge and 
environment thus replaced the transcendental identification with 
nature as the criteria for meaningful work and a worthy life. 
Edward Everett voiced this cosmopolitan perspective in a speech 
at the Boston Railroad Jubilee held in 1851. He praised the engi- 
91 Undated clipping in Elmer Corthell scrapbook, ELC. 
92 Jervis, Railway ProDerty, 19-20. 
93 "Working the Solar Rays," Van Nostrand's Engineering Magazine, I (Feb. 
1869). 170. 
94 proceedings A.S.C.E., I (1875), 330. 
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neering profession for a willingness to level mountains, drain 
swamps, clear forests, bridge rivers, and to bring speed, convenience, 
and safety to travel throughout a land that was once only a 
"horrible wilderne~s."~~ 
Lewis Haupt termed this new set of principles by which men 
sought to control their environment "the Law of Human Develop- 
ment." He claimed that the engineer was its p rop i t i a t~ r ,~~  exempli- 
fying in three stages the battle of innovation with the conservative 
forces of nature and tradition. In the preparatory period, where 
needs were discussed and projects were planned, the engineer faced 
a widespread ignorance of science, public indifference to the 
potential benefits of technology, and the incredulity of those who 
could not believe that his plans were practical or possible. During 
the construction stage the engineer had to confront constant argu- 
ment from directors, denunciation from tradesmen and laborers, 
and ridicule from those who would benefit from the project. In the 
final phase he might have to meet violence and persecution or see 
the success of his work attributed to other sources. Haupt7s three 
stages hardly made up a romantic version of the Law of Human 
Development. The "propitiator of progress" had to wage a con- 
tinual battle in order to see his ideas actualized. This note of 
conflict and disappointment, voiced by one who had the will and 
capacity to improve society, suggests the realism that lay back of 
the remarkable rise of the engineering profession. 
The demand for engineers stemmed from the longing for the 
pleasures and comforts of civilization. For nearly two hundred 
years European settlers colonized the New World without the 
presence of such a technical class. In the midnineteenth century, 
as the American continent rapidly developed, a new profession 
arose which evolved the technological needs of an urban culture. 
The task attracted the sons of the better classes, who brought to it a 
spirit of noblesse oblige, which placed standards of achievement 
above personal security. They often gained professional status 
through association with a large project or a well-known superior, 
but most engineers usually sought an autonomous standing based 
95 The Railroad Jubilee, 172-74. 
96 Lewis Haupt, American Engineering Register (New York, 1885), xvi. 
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on knowledge and experience rather than upon a professional title 
or power in a large corporation. In this respect they reflected the 
longing of men of the nineteenth century generally for personal 
independence. They differed, however, in their attitude toward 
nature and society. Engineers seldom pictured themselves as self- 
made men who had learned their practical trade from a living 
relationship with nature, nor did they despise the city or rebel 
against the necessity for bureaucracy and institutional life. Rather, 
they were nonromantic manipulators of nature, who accepted the 
inevitability of change and the necessity of expanding educational 
facilities and cultural opportunities. 
The cosmopolitan attitude exhibited by many engineers ignored 
the nationalism of the army, the provincialism of the entrepreneur, 
and the romanticism of agrarian and urban workers alike. Engineers 
did not rejoice that man must sweat and toil for his bread. They 
did not believe that occupational autonomy gave men more free- 
dom, or that small, intimate working groups, such as the family 
farm or the small manufacturer, necessarily made them more 
responsible or their work more valuable. An engineer's work 
centered in his mind. His specialty was the ability to organize. He 
was not paid by the hours he labored nor by the physical strength 
he extended. Without a professional organization to bargain for 
his positions, his salary increased as he extended his services. The 
civil engineer created his own demand as each completed project 
multiplied the need for more technicians. His major function was 
to make decisions that involved money, men, and a new structure 
of life. Each decision brought conflict and the conflict always 
brought an aspect of reality into the position of status and security 
which each engineer enjoyed. 
6: The Metropolitan 
One of the major symbols of nineteenth-century American culture 
was the Brooklyn Bridge. I t  stood for more than a connection 
between two islands-it spanned a Gothic past full of idealistic 
imperatives, symbolized a technological age hung in the balance 
between stone and steel and formed a link with a future hope for 
the peaceful unification of mankind. Americans built many bridges 
after the Civil War. In 1871 Van Nostrand's Eclectic Engineering 
Magazine made an accounting of the major bridges complete 
and under construction on America's three largest rivers, the Mis- 
souri, and Mississippi, and the 0hio.l Fourteen had been com- 
pleted, seven were under construction, and three were on the 
drawing boards, all at  a total cost of sixty million dollars. In the 
eyes of many engineers, editors, educators, and clergymen these 
bridges represented much more than human convenience in cross- 
ing rivers. They were symbols, rather, of a better future for all 
mankind where harmony, peace, justice, and freedom would span 
the nation and captivate the world. The dean of American bridge- 
builders, John Roebling, declared that if one listened closely to 
"the pulsations in the great heart of humanity" he could hear 
preparations "for the inauguration of another era in the history 
of the race."2 
As their profession achieved the authority and freedom physically 
to transform American society, some engineers developed a fanci- 
ful vision of the emerging urban world, a new era that John A. 
Roebling termed a "Social Eden.'73 Roebling based his utopia on 
the hope that the physical transformation engineers were bringing 
about would make possible the fulfillment of man's spiritual need 
for order, unity, and peace, ideals that shine through all his 
 writing^.^ Technology would form the basis of this new com- 
munity and restore a respect for truth, industry, economy, and 
social service. Effective systems of transportation and communica- 
tion would increase the chances for peace, bridges and steam 
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power would unite alien peoples, while machines eased their 
physical labor and provided them with the necessities of life. No 
longer was the American pursuit of happiness to be focused upon 
Jefferson's agrarian dreams or Jackson's hope for equality through 
the restoration of individual initiative and freedom. In the new 
Eden technological innovation would produce both happiness and 
equality. Social revolution would come without bloodshed, Roe- 
bling believed, but not without conflict. Its chief ideological enemy 
was a nineteenth-century nationalism that identified America's 
future with an imperialistic manifest destiny and sought social 
reconstruction through military p r o ~ e s s . ~  
The primary tool for achieving cultural change in the eyes of 
leading engineers was their own professional knowledge, or what 
they called truth. In a paper on the "Diversity of the Human 
Races," Roebling insisted that all men must "search after Truth, 
fearless and independent of all  consequence^."^ Truth was "a 
permanent good7' which sooner or later would bear noble fruit. 
Mankind had progressed through a theological period, in which 
truth was the venerable authority, accepted in a simple childlike 
faith, to the age of metaphysics, in which questioning minds "full 
of fancy and speculation . . . delighted in generalizations." Now, 
he believed, humanity was at  the threshold of an era when "the 
facts of the day and the deeds of men" would define the search 
for truth. The ruling desires of the age were to investigate and 
control nature's power. This pragmatic or functional view of truth 
was making men "lords of creation," enabling them to multiply 
production a millionfold, to enjoy good health, and hence to be 
1 Van Nostrand's Eclectic Engineering Magazine, V (Aug. 1871), 178. See also 
Alan Trachtenberg, Brooklyn Bridge, Fact and Symbol (New York, 1965). 
2 John A. Roebling, "The Harmonies of Creation." Roebling planned eventually 
to publish a massive tome entitled "The Harmonies of Creation." Notes for the 
project are in the Roebling papers at Rutgers University. 
3 John A. Roebling, an undated draft of a letter to the New York Tribune, 
entitled "An Appeal to the Philanthropist, a Plan of Association," JAR. 
4 Roebling, "The Harmonies of Creation." 
6 See John A. Roebling, "The Great Central Railroad from Philadelphia to St. 
Louis," JAR. 
6 "The Diversity of the Human Races," a paper delivered by John A. Roebling 
to a philosophical society of which he was a member. An original draft is in the 
Roebling collection at Rutgers. 
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fully happy. Thus for Roebling, as for Charles Pierce, William 
James, and John Dewey the legitimate business of modern man 
was to study, to question, and to search for the most practical 
means of fulfilling the aspiration for an enjoyable life. Roebling 
felt this search was both a physical and a spiritual calling, for in 
finding truth, one also found God, the creator of both mind and 
matter.7 
This functional concept of knowledge, which viewed ideas as 
instruments of work, pervaded the publications of the American 
Society of Civil Engineers during the decade before Charles Pierce 
wrote his first article on pragmati~m.~ Every stage of an engineer's 
task from preliminary surveys to maintenance and operation re- 
quired accurate and detailed reports. Tabulating and presenting 
pertinent material was central to his education, both in college 
and on the job. Truth, therefore, consisted of a scrupulously 
accurate presentation of the facts. William McAlpine, for example, 
wrote that an engineer called to court as a techical witness should 
openly acknowledge any previous consultation with attorneys 
involved in the case.9 If in cross-examination questions requiring 
measurement and calculation were asked, he should reply that 
accurate data could not be supplied while on the witness stand. 
He should be bluntly factual and refuse to speculate on any 
inquiries that required further study and research. He urged his 
colleagues to strive to maintain their reputation as the most honest 
and candid of all professional men. 
Truth, however, was more than a mere instrument used to 
achieve technical goals. John B. Jervis, in an address before the 
American Society of Civil Engineers in 1868, stressed the fact that 
an engineer created a reputation, the focal point of which was his 
own integrity.1° Those responsible for advancing civilization, he de- 
clared, must battle incompetence, inefficiency, and all other actions 
that condoned a superficial view of the individual's responsibility 
7 Ibid. 
a Charles Pierce, "How to Make Our Ideas Clear," Powlar Science Monthly 
(Jan. 1878). 
9 William McAlpine, "Engineers in Courts of Law," Transactions A.S.C.E., I 
(1872), 226. 
10 John B. Jewis, "Address," Transactions A.S.C.E., I ( 1  869), 151. 
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toward society. Deficient performance was "miserable sham."ll 
In a similar vein, Octave Chanute congratulated Jesse Williams, 
an engineer on the Union Pacific Board of Directors, for exposing 
the fraudulent practices of the Credit Mobilier. Williams was 
"too honest a man7' to have all his recommendations followed; but 
in the showdown, the embattled engineer had wielded the most 
effective tool of social reconstruction, a truthful presentation of 
the facts.12 McAlpine insisted that honesty required constant 
professional self-criticism; engineers should be "noble enough" to 
report their difficulties as well as their triumphs. The Society 
would be grateful to members who explained their technical 
mistakes, he said, knowing that "the engineer learns more from 
his failures, than from suc~ess."13 
The sketches of nineteenth-century engineers written for the 
Dictionary of American Biography reflect this enthusiasm for truth 
as accurate fact, applied in hard work. Allan Campbell, we are 
told, was a man of "strict integrity and industry." John Childe 
was noted for "fearless independence and absolute honesty," and 
Alexander J. Cassatt for "candor and completeness." George S. 
Greene7s "rigid sense of justice7' is paired with James B. Francis' 
"strength of character, solidarity, strong common sense." George 
S. Morison's biographer characterizes him as one who "observed 
keenly, read wisely and thought profoundly" and was endowed 
with "high character" and a "prodigious capacity for work." Authors 
of the sketches of Edwin F. Johnson, John A. Roebling, Hamilton 
Smith, Charles F. Chandler, E. L. Corthell, E. B. Coxe, Tohn H. 
Devereux, and John Ericsson stressed their boundless enthusiasm 
and industry, extraordinary intensity, and untiring energy." John 
Ericsson's capacity for work was well known. When relatives tact- 
fully inquired about the future disposition of the fortune he had 
acquired, Ericsson told them rather bluntly that happiness was 
11 See, for example, D. L. Harris' letter to F. B. Crowinshield of April 27, 1861, 
or his "Memorandum concerning the Union Pacific Railroad," written in March 
1869 after he attended his first meeting of the board of directors. Vol. XX, MMS: 
705, Baker Library, Harvard. 
12 Octave Chanute to Jesse Williams, Oct. 12, 1868. 
13 William McAlpine, "Presidential Address," Transactions A.S.C.E., I (1868), 25. 
14 See respective sketches of these engineers in the Dictionary of American Biog- 
raphy. 
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not to be found in wealth and idleness, but in "full and useful 
oc~upat ion ."~~ George B. McClellan was an object lesson in 
failure, precisely because he did not combine mobility and energy 
with his faultless integrity and precise acquaintance with the facts. 
Both as a soldier whose talent for developing "stationary engines" 
President Lincoln scorned and later as a politician, McClellan7s 
inability to take decisive action was fatal.16 
The enthusiasm that engineers brought to their work lent 
assurance to their claims that they were agents of an advancing 
civilization. In 1874 A. P. Boller told the graduates of Rensselaer 
Polytechnic Institute that "sound learning and untiring energy" 
had in the past fifty years distinguished the profession. This fact 
had provided its practitioners material wealth and comfort, and 
placed them in authority over the physical transformation then 
taking place in American society.17 Twenty-seven years earlier 
John A. Roebling told an audience in Pittsburgh that the "best 
guarantee for the stability of the Union" was not the natural 
resources of the Mississippi Valley but the "great net of railways 
and telegraphs which will soon spread over the vast extent of its 
surface." He saw technological change as an economic and political 
conveyance that would, when complete, prevent internal strife, 
deter "the most powerful enemy," and provide wealth and comfort 
for a11.18 Four years later, at  the Boston Railroad Jubilee state and 
national leader; attested that steam transportatidn and telegraph 
communication assured the "lasting triumph of republican free- 
dom."19 Thomas S. King compared the "wisdom and patriotism" 
of Washington, Adams, and Franklin with the "ingenuity" and 
"mercantile energy" of those who "threaded our forests with rail 
tracks and disturbed our waters with steamships." Engineers, he 
said, had preserved the nation from "imperial desp~tisms."~~ 
16 William C .  Church, Life of John Ericsson (New York, 1891), 11, 223. 
l e T .  Harry Williams, Lincoln and His Generals (New York, 1952), 178, 27-28; 
William Starr Myers, General George Briton McClellan (New York, 1934), 463. 
17 Proceedings of  the Semi-centennial Celebration of the Rensselaer Polytechnic 
Institute (Troy, N.Y., 1874), 33. 
1s Roebline. "The Great Central Railroad." 
19 ~ h o m a h .  King, Boston Railroad Jubilee (Boston, 1852), 14. 
" Ibid. 
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The late nineteenth century has perhaps become too well known 
for the enterprise of business tycoons, derisively termed robber 
barom21 Both contemporary critics and later historians have used 
this stereotype to depict the industrial expansionists of the late 
nineteenth century.22 Thus Grabbit Feathermynest, a fictional 
creation of Beeton's Boys Annual, disrupted friends, family, and 
community customs in his attempt to gain private wealth. By wit 
and guile, Feathermynest became a director of nine companies, 
president of five institutions, and a member of the board of three 
railways. Yet in his old age he played with his gold chain and 
"made touching allusions to the time he toiled for a crust and 
slept without a nightcap." As a successful entrepreneur Feather- 
mynest supported the principle of laissez faire, promoted individual 
enterprise, and believed that the competitive marketplace was the 
center of the real 
The views that the leading engineers who presided over the 
nation's industrial expansion held about society and economics 
stood in sharp contrast, however, to those that Grabbit Feather- 
mynest symbolized. Accepting pragmatically the virtues of accu- 
racy and industry, they rejected a competitive mythology in favor 
of a cooperative commonwealth. Octave Chanute, for example, 
wished to limit profits to sums which "capital actually invested" 
properly brought in.24 The private corporation's neglect of its 
social responsibilities prompted him to recommend an extension 
of publicly owned corporations. Though municipalities owned 
and managed less than 50 percent of city waterworks in Chanute7s 
time, he encouraged city officials to secure and manage for them- 
21 See H. Wayne Morgan, ed., The Gilded Age: A Reaofiraisal (Syracuse, N.Y., 
1963). 
22 krom Mark Twain's phrase "The Gilded Age" to Ray Ginger's "The Age of 
Excess," this period of rapid industrial and technological expansion has been known 
more for its "robber barons" and "captains of industry" than for the "hidden 
renaissance" that Lewis Mumford uncovered in his Brown Decades (New York, 
1931) and the positive contributions of businessmen discussed by E. C. Kirkland in 
Dream and Thought in the Business Community, 1860-1900 (New York, 1956) 
and Robert H. Wiebe, The Search for Order, 1877-1920 (New York, 1967). 
23 "The Odd Boyon a Self-Made Man," Beeton's Boys Annual (London, 1869), 
220. 
24 Octave Chanute to Charles F. Adams, Jr., March 15, 1873, OCP. 
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selves "an ample supply of the best water" so as to make sure that 
this vital necessity of life would be available to all citizens.26 
Chanute professed to have taken out patents on his bridge innova- 
tions in order to assure fellow engineers free use of his ideas.26 
Though personal enterprise and shrewd manipulations could 
and did produce wealth, technological innovation made financial 
success possible without the frustration of human goals. The 
editor of the Boston Railroad Jubilee warned in 1851 that if one 
would assign only "mercenary ends" to the industrial and com- 
mercial success of Boston, he would "mar the truth" and "deface 
the beauty of that history."27 According to Roebling, wealth was 
not the creator but the child of technology. Steam power and 
the wireless telegraph stimulated commerce and developed new 
markets. Railroads, "like magic wands," opened the "long-hidden 
treasures of the earth" converting "stone and iron into gold," and 
drawing together isolated individuals, communities, and nations. 
Meanwhile, however, these developments helped to curb "long- 
cherished prejudices and selfishness" while releasing "the nobler 
feelings and sentiments of man.7728 
Such engineers as Octave Chanute and Albert Fink considered 
railroads quasi-public institutions because they had been developed 
with the aid and resources of all the American people. The state 
governments that had granted their charters had the right to 
intervene, therefore, when their managers failed to serve the pub- 
lic's best interest. The public was "entitled to some protection 
against extortion and unfair dealing," Chanute wrote, from "grasp- 
ing men" and iiunscrupulous adventurers." The law of supply and 
demand did not apply to the complicated economies of railroad 
competition, because of its "quasi-monopolistic7' character, he 
declared. A board of state commissioners or the governor should 
enforce the public conscience in matters of railroad management. 
Perhaps the conscience of the business community in Massa- 
chusetts, Chanute wrote to Charles Francis Adams, was strong 
25 Octave Chanute, "Preliminary Report upon the Best Means of Supplying the 
City of Peoria with Water," 17, OCP. 
26 Octave Chanute to George P. Herthel, Nov. 7, 1868, OCP. 
27 King, Boston Railroad lubilee, 12. 
28 Roebling, "The Great Central Railroad," 
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enough to keep railroads there from becoming an enormous 
instrument of favoritism and corruption." But it was a vain hope 
for the West, where the dominant figures were "adventurers and 
broken down politicians" who could not forego "the opportunity 
for plunder.?'29 
There was a qualitative difference in the nineteenth century 
between an occupation and a profes~ion .~~ As one progressed from 
common laborer to skilled craftsman to professional engineer, the 
job description became less precise at thi same time that responsi- 
bilities increased and became more complex. A common laborer 
at the beginning of each day was told exactly what to do; a skilled 
craftsman was told what was needed, for he knew what to do; a 
professional engineer decided what must be done and relied upon 
the common and skilled laborer to help him fulfill that task.31 
Thus, the professional was one who had both the largest amount 
of freedom for arranging his own hours and his own methods of 
arriving at decisions, while at the same time he carried the greatest 
social responsibility for the decisions he made. 
The moral ideal that guided engineers in their efforts to build a 
social Eden was that of social service, expressed in the individual- 
istic terms of the Christian's golden rule. Here was a "self-evident 
truth, an undisputed self-demonstrating axiom," John Roebling 
said, which "the common sense of Mankind," admitted as "the 
great rule of social interc~urse."~~ He felt that the principle should 
apply to all human relationships, including those between the 
present and the future, "for men live here only in the capacity of 
stewards, who have to account for future  generation^."^^ The 
essence of the professional engineer's role in industry was to accept 
tasks which could not be exactly described and standardized. If 
building a bridge became routine and dependent upon precedent, 
29 Octave Chanute to Charles Francis Adams, Jr., March 15, 1873, OCP. 
" Murray I. Mantell stresses that the difference between an occupation and a 
profession is "service to humanity," formalized in professional ethics. See Mantell, 
Ethics and Professionalism in Engineering (New York, 1964), v. 
31 See Onward Bates, Bates, et al. of Virginia and Missouri (Chicago, 1914), 155. 
32 John A. Roebling, "A Few Truths for the Consideration of American Citizens," 
TAR. 
33 John R. Roebling, "The Condition of the United States Reviewed by the 
Higher Law," JAR. 
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then a skilled craftsman could handle it. Professionals believed 
that the man whose task was habitual and whose job had been 
fully described was simply a skilled laborer. The professional was 
one who relied upon his intelligence and his ability to innovate and 
to handle various opportunities and problems. A code of ethics 
was necessary to enable professional men to judge the actions and 
decisions their colleagues made. Consequently, broad and general 
principles of public responsibility defined the bounds of their pro- 
fessional freedom. 
While one cannot judge fully how consistent engineers were in 
fulfilling this sense of public trust, numerous examples demonstrate 
their commitment to efficiency and honesty in civic service. A 
dedication to truth and personal integrity, a capacity for hard work, 
respect for the social responsibilities of wealth and economy, and 
a recognition that professional ethics differed from legal or business 
standards were values engineers respected. The San Francisco 
Daily Evening Bulletin praised Frederick W .  Lander for returning 
an unexpended balance of $75,000 to the United States Treasury 
after he completed a wagon road for settlers between Fort Kearney 
and Honey Lake in 1857.34 He also cut expenses by selling the 
government stock under his supervision at a good profit. Lacking 
sufficient funds to cover operating expenses could also cause a 
personal dilemma for the responsible chief engineer. While con- 
structing the Portsmouth and Concord Railroad in 1851-1852, 
Samuel Nott signed his name to many vouchers that the railroad 
failed to pay when it became insolvent. Though the courts declared 
that Nott was not responsible for debts created in this manner, 
he spent the next fifteen years of his life attempting to track down 
and pay off over $20,000 in claims, because he wished to do what 
he could "as a man of honor."35 Judges and lawyers did not require 
such standards; Nott's code of responsibility, like his attitude 
toward knowledge, reflected both an encounter with new condi- 
tions and a conviction that society could not survive upon an exclu- 
sively legal interpretation of morality. 
If the instruments of social reconstruction were truth, industry, 
34 San Francisco Daily Evening Bulletin, Oct. 26, 1859. 
36 Samuel Nott to G.  G. Newhall, Jan. 25, 1865, SNP. 
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economy, and public service, what was the nature and form of this 
social Eden? The goal of technological transformation was har- 
mony: peace among nations, understanding between individuals, 
accord between man and his environment, and, finally, the unity 
of material and spiritual reality. John Roebling, George Morison, 
Henry Morton, John B. Jervis, and Robert Thurston believed that 
there was an essential unity to all of life, but that the growth of 
applied science had produced a superficial distinction between the 
ideal and the practical, between the material and the spiritual. 
Much as C. P. Snow has warned of the consequences of allowing 
two cultures, a literary and scientific, to divide man's approach to 
values in the twentieth century, so also leading engineers of the 
nineteenth century discussed the diverging tendencies of religious 
faith and technological achievement and affirmed that the emerging 
urban society must rest upon the recovery of unity between the 
John Roebling wrote in the introduction to his "Harmonies of 
Creation" that the bent of his intellectual nature was to bring 
into accord all that surrounded him. He acknowledged that if one 
could look at the earth from outer space he would observe "im- 
penetrable, immense confusion," "violent disorder," and "dark 
chaos." This apparent disorder was the result of man's short- 
sightedness, of his notion that the creative process had required 
only six days to complete. Hegelian in training and Swedenborgian 
in belief, Roebling argued for what he termed "the development 
theory." The image of God imprinted on man's interior nature 
worked in harmony with the Great Universal Mind to perfect 
unison between the labor of man and his vision of a new Eden. 
Science, politics, morals, and religion were but varying phases of 
mental activity through which nineteenth-century men were enter- 
ing an era of redemption and the beginning of a true millenni~m.~' 
He advised those who denied the heavenly origin of man's work, 
to study nature more carefully, and suggested to those who accepted 
too literally the biblical account of creation, that "the true knight 
in the name of truth" who found the "works of God at variance 
36 C .  P .  Snow, The Two Cultures and the Scientifi Revolution (London, 1959). 
37 Roebling, "The Harmonies of Creatioq," 
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with the Word of God" had better trust the former. "By doing 
so," he stated, man "gives proof of his sovereign individuality and 
his heavenly origin.7738 
Roebling7s view of social reconstruction thus combined two 
tendencies of the nineteenth century: a religious faith in an omni- 
scient "Universal Spirit" and a pragmatic concern for order, indus- 
try, and economy. Robert C. Winthrop, Speaker of the United 
States House of Representatives, 1847-1 849, told an audience 
gathered to celebrate the Boston Railroad Jubilee that American 
technology was a force "providentially prepared" to bring harmony 
and order to the nation, banishing "local differences," "peculiar 
institutions" such as slavery, and "sectional jealo~sies."~~ John R. 
Commons also voiced such a viewpoint at  the end of the century 
when he asserted that "science and Christianity must be united to 
save the world.7740 Roebling based his hope for a synthesis that 
would transcend the apparent conflict between matter and spirit 
on his knowledge that "chemically there is no difference between 
organized and unorganized matter."41 He went to great lengths 
to show that energy, matter, and motion were all interrelated. 
This meant, for Roebling, that the development of technology 
was connected to the inner development of man's search for 
harmony and order in the universe. This industrious inner spirit, 
which was transforming the face of the earth, had its origins 
according to Roebling in the "Divine Substance" which was "God, 
the principle, the essence of life" who was "matter as well as 
Spirit.7742 
In an undated letter to the New York Tribune, Roebling asked 
for a subscription of one million dollars for the establishment of 
a model community to inaugurate his vision of the social Eden.43 
In such a city, he declared, "one thousand of the most perfect 
specimens of the rising generation" might learn, under the tutelage 
of the best possible teachers, how to live in the "full enjoyment 
38 Roebling, "Diversity of the Human Races." 
39 King, Boston Railroad Tubilee, 179. 
40 Sidney Fine, Laissez Faire and the General Welfare State (Ann Arbor, Mich., 
1964), 181. 
41 Roebling, "The Harmonies of Creation." 
42 Ibid. 
43 Roebling, "An Appeal to the Philanthropist." 
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of a rational, happy and holy life." Roebling was evidently ready 
to invest some of his own fortune in the venture. But he died 
before he could organize a community where the "holy precepts" 
of Jesus would be both taught and practiced. He argued that 
previous utopian experiments had fallen short of their goals because 
their leaders had admitted members indiscriminately. Conse- 
quently, he advocated selecting only those teachers who sought 
truth and justice and who recognized the unity between the 
spiritual and material. Their textbook would be the ethical ex- 
ample and words of Jesus along with the study of natural phe- 
nomena. Though this community would emphasize learning, it 
would also rest upon industry. The association would not with- 
draw from society, but would exchange goods and ideas with "the 
great marts of civilization" using the facilities of rich soil, clean 
water, easy communication, and good transportation to initiate 
a life of harmony and peaceful enterprise. 
Though the builder of the Brooklyn Bridge was more articulate 
in describing his hopes for the evolution of social harmony than 
his fellow engineers, others in the profession justified their material 
labor within a frankly spiritual framework. Robert H. Thurston, 
the first president of the American Society of Mechanical Engi- 
neers, in an article published in the North American Review in 
1891, argued for "The Scientific Basis of [Religious] Belief." He 
spoke of man, God, nature, and the commands of Christ in much 
the same terminology as R ~ e b l i n g . ~ ~  Thurston, perhaps the most 
articulate mechanical engineer of the nineteenth century, described 
man "as a soul imprisoned and residing in mechanism, a spirit, 
the image of God.7745 Matter like everything else that exists "is 
actually immortal," he said. He worshiped the Christ as "essentially 
44 Robert Thurston, "The Scientific Basis of Belief," North American Review, 
CLIII (Aug. 1891), 181-92. 
45 Ibid., 181. A good review of Thurston's life is found in The Sibley Journal of 
Mechanical Engineering, Cornell University, XVIII (Nov. 1903), 43-96. Thurston 
graduated from Brown in 1859 and was the first head of the Department of 
Mechanical Engineering at Stevens Institute and at Sibley College of Engineering, 
Cornell University. He published 15 books and 131 articles in such professional 
journals as the Proceedings of the American Society of Mechanical Engineers and 
the Journal of the Franklin Institute, besides numerous others in popular magazines. 
He built the first mechanical engineering laboratory in the United States and 
became famous for experiments in heat, especially in the design and construction of 
boilers and steam engines. 
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divine" and saw no reason for man to suspend his rational faculties 
in order to believe that spiritual and material unification was a 
possibility. "No man need fear that any fact of science, of the 
seen universe, will contradict or embarrass any other," he said; 
"scientific truths can never conflict with moral or religious 
The trend among scientists, he declared, was to acknowledge that 
the "unseen" was at the center of the "seen."47 Though Thurston 
found some validity in the teachings of all the world's great 
religious leaders, he believed the doctrine of Christlike love was 
"over all, enclosing all, beyond all, and all in all."4s 
A major argument against any attempt to harmonize the world 
of science and technology with the ethical and spiritual precepts 
of a religious system, was that these two areas of human behavior 
had incompatible presuppositions. The truths of science were 
supposed to rest on facts, experiments, and logical verification, 
while religion was mythological, emotional, and irrational. Henry 
Morton, president of Stevens Institute of Technology, as well as a 
student of biblical linguistics and archaeology, was one of many 
who took the opposite view. As an undergraduate at  the University 
of Pennsylvania, Morton helped Charles R. Hale and S. H. Jones 
decipher the hieroglyphic and Greek inscriptions on the famous 
Rosetta stone.49 Later, he published articles in the New York 
Tribune, The Churchman, The Outlook, Bibliotheca Sacra, and 
The Church Eclectic intended to strengthen the faith "of those 
who were not able to believe the verbal inspiration of the Bible, 
but were not, on the other hand, willing to reject its message."60 
Morton reviewed recent biblical scholarship, explaining how the 
method of literary analysis called "higher criticism" countered 
the theory of divine dictation and emphasizing that the authors of 
the Bible were not inspired on matters of science, art, or history.61 
413 Ibid., 186. 
47 Ibid., 182. 
48 Ibid., 192. 
49See tribute to Morton by the noted Hebrew exegete S. R. Driver, in the 
Expositor (June 1898). 
6oQuote of Bishop Henry C. Potter, in Franklin D. Furman, ed., Morton 
Memorial: A History of Stevens Institute of Technology (Hoboken, N.J., 1905), 
183 
51 Henry Morton, "The Cosmogony of Genesis and Its Reconcilers," Bibliotheca 
Sacra, LIV (1896), 267. 
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He criticized the "shallow interpretations" which unschooled 
clergymen made of science while explaining the prescientific 
setting in which the truths of the Christian message were uttered. 
Bishop Henry C. Potter called Morton "a benediction to this 
time" and Willis H. Hazard acknowledged that the Stevens 
president had removed some of the obstructions to science which 
stemmed from the Judaic-Christian t r a d i t i ~ n . ~ ~  
John B. Jervis and Norman Stratton also looked to religion to 
sustain the internal stability of man in a world that was rapidly 
changing its external character. Stratton, who was in charge of 
constructing the Albany and Schenectady Railroad and who later 
became chief engineer of the Brooklyn Naval Yard, told a Rensselaer 
audience in 1874 that scientific discoveries were illuminating the 
heretofore inscrutable history of the race. These discoveries, he 
declared, were not in conflict "with the true interpretation and 
meaning of the Mosaic record, but in loving harmony therewith." 
Moreover, they were promoting the progress of humanity.63 Jervis 
observed that "all the scientific writers on industrial economy" 
agreed that "the cultivation of the moral in men" was the only 
way "to raise them to the best of their He thought 
Washington Gladden's argument that the application of the 
golden rule would bring industrial peace between labor and capital 
was practical but that it did not go far enough. The laborer must 
learn to control the mechanical forces which determined so much 
of his own destiny.65 Jervis noted that general education, science, 
and the useful arts advanced most rapidly in countries where "the 
light of the Christian Scriptures" shone most clearly. He believed 
"that the Divine rule is so ordered and administered" that "the 
highest civilization the world has known" would result from 
technical ad~ancemen t .~~  Christianity, for Jervis, had the seeds of 
industry and frugality which would produce a community of 
material and moral well-being. Citizens of such a technological 
Eden avoided idleness, promoted education, awarded self-control, 
52 Furman, Morton Memorial, 183-86. 
53 Proceedings of the Semi-centennial Celebration, 92. 
64 John B. Jervis, The Question of  Labour and Capital (New York, 1877), 203. 
" Ibid., 44-45. 
56 lbid., 199. 
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and made a virtue of industry, prudence, and economy. The 
harmonizing of technology and religion would "greatly increase 
the product of skill, labour, and capital," and so enable all men 
to be "better sheltered, fed, and clothed" and to be "surrounded 
with the means of mental, moral, and religious culture," greatly 
adding to both individual and social h a ~ p i n e s s . ~ ~  
If leading engineers believed in the interdependence of spiritual 
values and material development, what did religious leaders think 
of their hopes for a Christian Eden ushered in by science and 
technology? Alonzo Potter, Protestant Episcopal Bishop of Penn- 
sylvania observed in 1852 that the phrase "relationship between 
science and religion" suggested three different  connotation^.^^ To  
the British and American scholar it brought to mind a "comparison 
between the Mosaic Cosmogony and the speculations of recent 
naturalists7'; to German professors "it suggested a comparison 
between the teachings of Christ and His Apostles, and the tran- 
scendental speculations of Fichte, Schelling or Hegel"; and to the 
French philosophers the phrase posed the question of how "any 
Religion, whether Revealed or Natural, can be reconciled with 
the methods, or recognized in the conclusions of what is termed 
Positive Philo~ophy."~~ Potter submitted that the attempt to 
harmonize different systems of truth was inevitable, for most men 
had a deep and irrepressible conviction "that all truth is one, that 
it is pervaded by some all-comprehending principle of unity and 
correspondence." Consequently, "Science pursued, without refer- 
ence to religion, tends downwards towards Skepticism, Fatalism 
and Sensualism. Theology, studied without regard to the prin- 
ciples of a sound Philosophy, becomes loose, dogmatical and 
in t~ l e ran t . "~~  Like Roebling, Thurston, Jervis, and their fellow 
engineers, Potter wished to keep the pursuit of truth free from zeal 
and dogmatism as well as from flippancy and arrogance. He was 
confident that "ultimately, truth of every kind will be found to 
57 Ibid., 9 3 .  
58 Alonzo Potter, "Science and Religion," The Church Review, V (Oct. 1852), 
3 30 .  
59 Ibid. 
60 Ibid., 333 .  
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harmonize," and "will be found radiant alike with blessings to 
man with glory to God."61 
Joel Dorman Steele7s textbooks on science for secondary schools 
popularized this tendency to harmonize material and spiritual 
reality. He published his first text on chemistry in 1867 and in the 
next eight years wrote books on physics, astronomy, geology, 
zoology, physiology, and United States history, all of which were 
later expanded and revised. They went through many printings; 
five of his science and two of his history texts were still in print in 
1928. Part of the profits from publication went to found a chair 
of "theistic science" at Syracuse University. As a secondary school 
teacher, Steele became instrumental in developing practical meth- 
ods for teaching science to students. He felt that the new education 
taught students "to observe accurately, to judge objectively, and 
to apply principles intelligently." The love of God, however, was 
the greatest lesson, according to Steele, that students could learn.62 
He advised teachers, "do not worry if God is working through you 
-worry if you are working for him."63 He dedicated his book on 
astronomy to "One God, one law, one element and one far-off 
Divine Event to which the whole creation moves."64 
G. N. Webber, pastor of the First Presbyterian Church of Troy, 
New York, attempted to summarize the relationship between 
science and religion in American society in an address to engineers 
during the semicentennial celebration of Rensselaer Polytechnic 
Institute in 1874. Webber began by denouncing the idea of an 
"irreconcilable antagonism between the belief of the Bible and 
the reception of scientific ideas," stating that it was not the Bible, 
"but a false theory of the Bible," with which science was at war.66 
61 Ibid., 336. 
62 Joel D. Steele, "History of Science Teaching" (1884) in Anna Palmer, Joel 
Dorman Steele (New York, 1900), 212, 79. See sketch of Joel D. Steele in the 
Dictionary of American Biography, XVII, 556-57. 
63 Joel D. Steele, "The Teachers Aim" (1867-1876) in Anna Palmer, joel Dorman 
Steek (New York, 1900), 85. 
64 Joel D. Steele, Fourteen Weeks on Describtive Astronomy (New York, 1869), 
6. 
65 G. N. Webber, "The Moral Influence of True Science," sermon delivered 
June 14, 1874, and reprinted in the Preceedings of the Semi-centennial Celebration, 
20. 
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He explained: 
When the sacred writings had occasion to speak of the outward world, 
they adapted the language and conceptions of nature current in their 
day. Many of these conceptions were erroneous, and, as science pro- 
fesses, must be discredited and discharged. These are not the real sub- 
ject matter of revelation; they are merely its framework and setting, the 
infallibility of the Bible pertains only to that matter which constitutes 
its essence and the end for which it is given; to instruct mankind in 
moral and religious truth; to tell us how to live and do the will of God; 
in a word, to make man "wise unto salvation.7766 
Webber pointed to the discoveries of geology and to Darwin's 
biological ~ research as wonderful advancements- which could teach 
reverence for the mystery of life. "True science fosters intellectual 
humility," he declared; those who were conscious of the "limit of 
their faculties" respected religious beliefs that went beyond sci- 
entific dem~nst ra t ion .~~ 
I t  was easier for Webber to accept and accommodate the 
Christian faith to the new theories of geology and biology than to 
harmonize it with the positivism of Auguste Comte, who found 
God not in nature but only in material phenomena and mathe- 
matical relationships. Webber told returning alumni that those 
who denied the existence of God backed into "the fog-banks of a 
priori speculation" with a negative premise and such "vain deceit7' 
that they were bound to depart from the "modest and safe path 
of experiment" which distinguished the high calling of science.68 
"A cloud hangs over either end of the narrow span along which 
the toiling intellect travels," Webber declared; men bent on 
progress could not see clearly where they were headed. 
Engineers, however, suffered less from the temptation to follow 
the philosophy of Comte as from the pressure to exalt in knowledge 
because there was money in it. Webber warned against the short- 
comings of this "bread and butter view of science."69 Even though 
engineers might "unearth the hidden treasures" in nature and 
66 Ibid., 21. 
67 Ibid., 16. 
68 Ibid., 15. 
69 Ibid., 12. 
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"span the Continent with railways and telegraphs, fertilize soils 
[and] set the streams to work," until the land hummed with 
factories and the rivers groaned under the burdens of commerce, 
their work would be in vain unless spiritual values increased in 
proportion with material progress. If knowledge and science made 
the nation powerful and some men wealthy, but left the "toiling, 
ignorant masses of mankind" in need, the result would be a 
"perversion of mental culture." If the engineer should "nurse in 
solitude his delicious loves and dainty tastes" or if science should 
follow the conceited wisdom of Comte and retire to a "high- 
minded, exclusive culture," then the dream of a new community 
would never be fulfilled. Webber hoped that learning would 
make men "compassionate of the ignorance of others" and prompt 
them to "go down into the plain where the toiling millions" 
struggled. Here the example of Christ could combine with the 
technical knowledge of engineers, as men taught others how to 
live and helped them to bear their burdens.?O 
Education, personal religion, and the press played equally 
important parts in the lives of many nineteenth-century engineers. 
William Gurley served as an executive officer of two institutions of 
higher education in Troy, New York. Jesse Williams was a director 
of the Presbyterian Theological Seminary, Edwin S. Nettleton a 
trustee of Colorado College, and Robert H. Sayre and E. B. Coxe 
were members of the board of trustees of Lehigh University. Coxe 
also helped establish a technical school at nearby Drifton, Penn- 
sylvania, for the sons of employees in Cross Creek anthracite 
mines. Other engineers who served as trustees of colleges and 
universities were Alexander Holley at Rensselaer, Mendes Cohen 
at Peabody, E. L. Corthell at  the University of Chicago, and J. H. 
Devereux at Case Institute. Samuel Nott attended the Presbyterian 
church in Hartford and took an active role in promoting foreign 
missionary work.71 William Hutton was a pillar in a rural Maryland 
Roman Catholic parish of St. Rose's, contributing liberally to its 
ministerial and educational program. Hutton's diary records that 
70 Ibid., 23. 
7 l  Samuel Nott to F. F. Fisher, Nov. 29, 1867, Nott Letterbook, vol. V, p. 163, 
SNP. 
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in frequent absences from the local parish, he rarely failed to 
attend Sunday mass.72 Elmer Corthell, who attended Brown 
University with the intention of becoming a minister, kept news- 
paper articles dealing with devotional and theological subjects in 
his scrapbook alongside those that described the engineering 
projects on which he worked.73 The importance of the technical 
press was well recognized; however, engineers also used the press 
to further their religious beliefs. William Stuart Auchincloss who 
in 1869 wrote The Standard Work on Link and Valve Motions 
spent the last twenty-five years of his life writing religious books 
such as St. Peter the Aoostle of Asia, The Book of Daniel Unlocked, 
The Mask of Eddyism, Christianity and the Britons, The Wonders 
of God's Universe, and The Final Edition of Standard Chronology 
of the Holy Bible, Every Date Perfect, which contrasted sharply 
with the progressive views of the Bible which Henry Morton and 
Norman Stratton shared. Cady Staley wrote books on bridge 
engineering, surveying, and sewage systems, and also compiled 
The Teachings of Jesus, Selected from the Gospels. Jesse Williams, 
Allan Campbell, Onward Bates, Jonathan Camp, Daniel Harris, 
John Wilkens, S. R. House, A. P. Boller, W. H. Boyd, and J. C. 
Booth were other engineers who took an active part in the parish 
life of their various denominational affiliations. Johan Bojer, the 
Norwegian novelist, noting this relationship between Christianity 
and technology, called engineers "priests of a sort, though they 
did not preach or pray."74 
A major difference between the vision of Eden held by engineers 
and previous utopian dreams was that the stability of the new 
community would rest upon continual change and development. 
Engineers, who lived amidst constant mobility and whose ideas 
and work rapidly became obsolescent, anticipated that the social 
changes they hoped to institute would not be static, but would yield 
always to improvements that further study and research would 
dictate. The "Development Theory" of John Roebling and Lewis 
Haupt accepted instability and insecurity as essential to the quest 
for a living relationship between the spirit and matter.76 Every step 
72 See William R. Hutton Diary, 1874-1875, Smithsonian Institution. 
73 See Elmer L. Corthell Scrapbook, New York Public Library. 
74 Johan Bojer, The Great Hunger (New York, 1919), 59. 
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forward gave renewed assurance that the harmony and unity of man 
with his environment was a practical goal. 
Thus, engineers who had charge of many of the monumental 
projects of the age also dreamed of a harmonious future. Men such 
as Roebling, Jervis, Morton, and Thurston knew the difficulties in 
changing traditional institutions, the weight of vested interests in 
the status quo, and the effort and resources that would be needed 
to make even minor improvements in community life. Yet they 
dreamed of the time when men would acknowledge the interrela- 
tionship between spiritual values and material needs. As functional 
idealists, these engineers had a tremendous confidence in the 
instruments of change at their command and took courage from 
the accomplishments occurring around them. 
Even though the school, the church, and the press might be 
powerful symbols of progress in the new era, the steam engine, 
because of its novelty, gave a fresh thrust to the age-old vision of 
man's capacity to build a new and better world. S. C. Aiken, a 
Congregational pastor in Cleveland, proclaimed in 1851 that "the 
earth with the steam-engine in it, and with all the capabilities 
which belong to that mighty instrument for aiding industry and 
multiplying the comforts of mankind, is a new earth." Aiken 
anticipated "the universal prevalence of knowledge, liberty, right- 
eousness, peace, and salvation." In the steam engine, Aiken 
declared, "God had sent into the world a legion of strong angels 
to toil for man in a thousand forms of drudgery and to accomplish 
for man a thousand achievements which human hands could 
never ac~omplish."~~ The steam engine was a "great leveler" and a 
"sign of motion and progress-a sign the people are living and not 
dead."77 The "integrity, mechanical skill, incessant toil and uncom- 
promising energy" of the civil engineer who planned and con- 
structed railroads, Aiken said, must be seen "in the clear light of 
e t e r n i t ~ . " ~ ~  
Fifty years later, a famous bridgebuilder echoed the words of the 
75 Lewis Haupt, American Engineering Register (New York, 1885), xvi. 
76 S. C .  Aiken, Moral View of Railroads, a Discourse Delivered on Sabbath Morn- 
ing, February 23, 1851 on the Occasion of the Opening of the Cleveland and 
Columbus Railroad (Cleveland, Ohio, 185 1 ) , 15. 
77 Ibid., 12. 
78 Ibid., 28-29. 
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Cleveland pastor. George Morison reflected in 1903 that the 
engineer was "the priest of material development . . . the priest 
of the new epoch, a priest without superstitions." If this profession 
was "to do the good work of which it is capable," he declared, "the 
true spirit of individual immolation which has characterized the 
devoted priest of all ages must be found among its members."79 
Morison foresaw a time when every person would share "the 
comfort and peace of m i n d  which engineering would make pos- 
sible. He believed, however, that the new epoch would not come 
until the effects of technology had become universal and the 
possibilities of both individual and national exploitation were 
diminished by the universal dispersal of the tools of material devel- 
opment. When the benefits of technology had removed the 
opportunities for individual speculation, Morison believed that 
then "mankind could settle down to a long period of rest."s0 
79 George S. Morison, The New E ~ o c h  as Developed by the Manufacture of 
Power (Boston, 1903), 76. 
solbid., 181-82. 
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A brochure published in 1848, entitled Cairo City Profierty, 
envisioned a new metropolis at the junction of the Ohio and 
Mississippi rivers. A foldout map pictured completed and projected 
canals and railroads leading into the triangle formed by the main 
waterways of the Mississippi Valley, which appeared to make 
Cairo's potential as an urban center greater than the ancient 
Egyptian metropolis for which it was named. A consulting engineer, 
Septimus Worsley, listed seven additional attributes besides this 
transportation network and "the beauty of its position," which 
he believed would make Cairo an important commercial complex: 
good climate, almost perfect drainage, an immense supply of wood 
and other building materials, excellent drinking water, freedom 
from floods, abundant provisions for fuel, and room for indefinite 
expansion. In this "most favorable position," Worsley declared, 
enterprising men might build "the cheapest city in the world." 
No speculation in America offered "half the chance of getting so 
large a return." Population studies and testimonials by three other 
engineers supported his estimate.l 
Cairo's location in the midst of the Mississippi Valley, at the 
terminus of the Ohio River and halfway between the Great Lakes 
and the Gulf of Mexico, was certainly promising. Why did Chi- 
cago, St. Louis, Kansas City, and Cincinnati, but not Cairo, become 
important urban centers in the Midwest? Alexander von Humbolt 
and William Gilpin, prominent urbanologists of the nineteenth 
century, claimed that a direct relationship existed between geo- 
graphical location, natural resources, and urban de~elopment.~ If 
this was so, why did Cairo lose out in competition with Chicago's 
swampland and the apparently more limited upriver locations of 
Cincinnati, St. Louis, and Kansas City when all four of these 
cities faced problems of inadequate drainage, polluted water, 
frequently impassable streets, and insecure foundations for build- 
ings? 
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The answer to this question is that technology had replaced 
geography as the determining factor in urban growth. Charles 
Francis Adams, Jr., declared in 1866 that Cairo had failed to 
become "the commercial and railway center of the continent" 
because its citizens had lacked "energy and enterpri~e."~ Nature 
alone would not sustain centers of trade, Adams said; capital did 
not follow "wholly natural channels," but flowed toward cities that 
were "in close sympathy with the material development of the age." 
At crucial stages in the expansion of chicago, St. Louis, ~ a n s a s  
City, and ~incinnati ,  engineers helped to-assure their future 
A canal linking ~ inc inna t i  with New York, a water and 
sewage system that drained the swamp in Chicago, and bridges 
that John A. Roebling erected at Cincinnati (1867), Octave Cha- 
nute at Kansas City (1870), and James B. Eads at St. Louis (1874) 
were projects that reflected and intensified awakening community 
spirit. They also provided the "convenience and economy" which 
Adams declared were "necessary to modern commercial suc~ess."~ 
The case of Kansas City is especially clear. From 1856 to the close 
of the Civil War, Leavenworth seemed destined to become the 
most important city on the Missouri River. In the reconstruction 
decade, however, that town was all but forgotten, while Kansas 
City became a hub of railroads and the center of the cattle trade. 
0nk  of the key catalysts in this development was Octave Chanute. 
He built the first bridge across the Missouri at  Kansas City, con- 
structed part of the railroad system centered there, and helped 
plan and develop the stockyards, drawing upon his earlier experi- 
ence as chief engineer of the Chicago Union Stock Yards." 
Engineers not only promoted urban growth but also helped to 
cure many of the evils that resulted from too-rapid growth. Mid- 
nineteenth-century cities were noted for their muddy streets, open 
1 Cairo City Property (1848), 33-34, a copy in the Chicago Historical Society 
collection. 
2 Charles N. Glaab and A. Theodore Brown, A History of Urban America (New 
York, 1967), 75. 
3 Charles Francis Adams, Jr., "Boston," North American Review, CVI (Jan. 1868), 
6-14. Reprinted in Charles N. Glaab, The American City: A Documentary History 
(Homewood, Ill., 1963), 188-95. 
4 Ibid., 194. 
5 Glaab and Brown, A History of Urban America, 114-16. See also Charles N. 
Glaab, Kansas City and the Railroads (Madison, Wis., 1962), 1-9, 
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sewers, contaminated water, and dung heaps, which threatened the 
populace with fire and disease while the ever-present hogs foraged 
among the rubbish and  waste^.^ Engineers like George E. Waring, 
who conducted a "war on filth" first in Memphis, then New York 
City, aimed at eliminating such public  nuisance^.^ In 1868 the 
citizens of Chicago were able to "rejoice at the stomach as well 
as the heart" because of the masterpiece of sanitary engineering 
that E. S. Chesbrough, the city engineer, had recently completed. 
Chesbrough received praise for remaining steady in face of growling 
taxpayers and satiric newspaper editorials while he built a two-mile 
tunnel under Lake Michigan to supply fresh water, dredged the 
river to provide adequate drainage, and used the fill to raise the 
streets.' 
Civic-minded engineers were willing to put their professional 
skills at  the disposal of rising cities in part because both their 
ideology and their experience coincided closely with the new urban 
value-~ystem.~ The city rewarded new ideas and deferred to men 
who lived by accumulating and utilizing knowledge. The lusty 
strength and physical dexterity that qualified a man for leadership 
in a pioneer community would not suffice there. Literacy was 
indispensable. The pencil and notebook became the principal 
symbols of creativity, usefulness, and pragmatic wisdom, replacing 
pick and shovel.1° Moreover, the growth of urban centers created 
immense problems of administration, which engineers found similar 
to those they had mastered in planning and developing large enter- 
prises. As transportation facilities increased and the productive 
capacity of manufacturing and agriculture expanded, the material 
6 Glaab and Brown, A History of Urban America, 86-88. See also Constance M. 
Green, American Cities in the Growth of the Nation (New York, 1965), 59, 67, 87, 
108, 113, 221; Blake McKelvey, The Urbanization of America (New Brunswick, N.J., 
1963), 88-92, 104-107. 
7 George E. Waring, The Sanitary Drainage of Homes and Towns (New York, 
1876); The Sanitary Conditions of City and Country Dwelling Houses (New York, 
1877). 
8 ~ i o ~ r a ~ h i c a l  Sketches of the Leading Men of Chicago (Chicago, 1868), 194. 
9 See, for example, William J. McAlpine's toast on "Canals," Proceedings A.S.C.E., 
I (1874), 187, where he parallels the growth of urban centers from "the earliest 
recorded civilization" with the administrative skills of engineering. See also George 
S. Morison, The Nav Epoch as Developed by the Manufacture of Power (Boston, 
1903), 57-60. 
10 William J. McAlpine, "Presidential Address," Transactions A.S.C.E., I (1868), 
6-7. 
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needs of men massed in close proximity multiplied almost beyond 
control. Engineers trained in management and dedicated to 
rationalizing and mechanizing utilitarian processes were prepared 
to help make urban centers more attractive for the sustenance of 
human life.ll Finally, the emerging ideology of engineers, like that 
of the urban world they worked in, owed little to established cus- 
tom. Theirs was a dynamic and ever-questioning search for both 
correct theory and sound application. ~nnovation was the soul 
of the profession's existence. The city was its natural home.12 
Rather than challenge the established political bureaucracy, 
engineers founded new departments in city government, where 
organization and efficiency could be the criteria of work and service. 
~ h e s e  engineering depa;tments won approval because of their 
success in meeting pressing needs and their role in creating an 
image of active and positive city government. If the streets were 
clean, the water pressure adequate, the garbage collected, health 
and building codes enforced, and the sewage system efficient, the 
politicians could expect the thanks of a grateful public. 
The new departments had greater implications, however, than 
merely to supply efficient service. By reducing the cost of operation, 
improving the distribution of goods, and standardizing repetitive 
tasks, planners hoped to set an example for all society generally, 
and so gain for all men more time for personal improvement. By 
reducing the individual citizen's responsibilities to perform menial 
tasks, they limited some freedoms but created new ones. George 
S. Morison foresaw the day when technology would so transform 
society that the majority of citizens would be employed in public 
administration. Technology would create an urban world in which 
government departments and large corporations would be domi- 
nant. He did not fear this growth, so long as the managerial 
revolution initiated by engineers could keep pace with the enlarged 
functions and responsibilities which large corporate organizations 
were assuming.13 
By expanding and perfecting the network of metropolitan 
11 See, for example, the discussion on A. F. Sears' paper "Commercial Cities: 
The Law of Their Birth and Growth," Transactions A.S.C.E., XIV (1885), 19-34. 
12 Richard S. Kirby and others, Engineering in History (New York, 1956), chapt. 
1 
L. 
13 Morison, The New Epoch, 39-40, 44, 47, 74-75, 
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services, engineers also nurtured the cosmopolitan viewpoint so 
vital to urban life. Sectionalism, provincialism, and ethnic prejudice 
had created slum ghettos in the city, isolated farmers and manu- 
facturers, and caused the bloodiest conflict in American history. 
All ran counter to the cosmopolitan impulse. The telegraph, rail- 
road, steamship, transatlantic cable, and other means of communi- 
cation helped to tie civilized communities together, flouting the 
boundaries that culture and geography had established.14 The rail- 
road especially became a symbol of national urbanization. S. C. 
Aiken observed that transportation was an integral part of urban 
life. As long as roads were built and maintained, civilization 
flourished; when roads decayed, learning faltered, the burdens of 
physical labor grew heavier, and man returned to a life of provincial 
isolation.16 I t  became increasingly difficult for men to isolate 
themselves from civilization. Mechanization helped break down 
the notion of man as a free and independent agent and reestablished 
instead the concept of man as a member of human community, 
where social institutions rather than natural law determined rela- 
tionships. 
Urbanization forced a further ideological departure in the realm 
of morality. Here traditional patterns of action and decision strug- 
gled with the new experiences of power and social instability. 
Engineers had displayed the capacity to accept change and warned 
that the ethics of the past would not suffice for the new era. When 
the action of one corporation could radically alter the way of life 
for people all over the globe, a decalogue emphasizing individual 
responsibility was insufficient.16 In an impersonal mass society, 
personal integrity was often impotent in the face of corporate 
strength. This realization intensified the search for a means of 
regulating technological development. Urbanization thrived upon 
a cosmopolitan outlook, created a great need for organizers and 
14  See James Forsyth address, Troy Times, June 27, 1872; see also S .  C.  Aiken, 
Moral View of Railroads, a Discourse Delivered on Sabbath Morning, February 23, 
1851 on the Occasion of the Opening of  the Cleveland and Columbus Railroad 
(Cleveland, Ohio, 1851 ) , 18-19; and John A. Roebling, "The Great Central Railroad 
from Philadelphia to St. Louis," JAR. 
15 Aiken, Moral View of Railroads, 8, 12. 
16 John Tipple, "The Robber Baron in the Gilded Age: Entrepreneur or Icono- 
clast?" in The Gilded Age: A Reappraisal, ed. H .  Wayne Morgan (Syracuse, N.Y., 
1963), 31, 
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managers, was nurtured by literary institutions such as libraries, 
schools, and newspapers, and became dependent upon an ethic 
of responsible public service. 
At first engineers hoped that they would be able to govern the 
development of technology through their own professional associa- 
tion. By pledging themselves to work only on projects that would 
benefit all mankind, they hoped to limit the evils of monopoly 
and minimize the exploitation of the masses, which operated 
under the guise of free private enterprise.17 When it became 
obvious that professional status and prestige was only partially 
effective, many engineers turned to municipal, state, and federal 
governments as the only social institutions-with adequate power 
to regulate the new industrial  corporation^.^^ 
A professional ethic of service and the retention of engineers on 
governmental planning and regulatory commissions were not the 
only alternatives for guiding technical advancement. Lewis Haupt 
suggested that public ownership of industrial combinations, plan- 
ned and managed by engineers, would provide many services which 
the populace needed. For example, profit-conscience corporations 
had neglected public highways, one of the more important but 
underdeveloped means of communication.19 Numerous companies 
promoted the growth of canals and railroads, which were less 
expensive to build. Haupt compared the cost in mills per ton, 
per mile of ocean, river, canal, railroad, and public road transporta- 
tion and found the common road to be thirty times as expensive 
as the others to build and maintain. Yet, Haupt reasoned, the 
highway provided a flexible means of transportation and was 
essential to the everyday life of the common man. He called upon 
an "intelligent constituency" to abandon the laissez faire policy 
and to build highways that every citizen could utilize freely.20 
Engineers who initiated such community services as publicly owned 
roads, canals, reservoirs, parks, and water systems helped to estab- 
17 McAlpine, "Presidential Address," 6-7. 
18 David T .  Gilchrist, "Albert Fink and the Pooling System," Business History 
Review, XXXIV (Spring 1960), 24-49; see also Gabriel Kolko, Railroads and Regu- 
lation, 1877-1916 (Princeton, N.J., 1965). 
19 Lewis M. Haupt, "Country Roads . . . Their Relations to Other Lines of 
Communication and to the State. How to Make and Maintain Them," 4. 
zolbid., 2. Haupt's figures were in mills per ton, per mile which averaged 0.75 
by ocean, 2.5 by river, 3 by canal, 5 by rail, and 150 by wagon road. 
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lish what Theodore Parker termed an "industrial democracy" and 
thus promoted the general welfare by disregarding classical eco- 
nomic theoryS2l 
City engineers became specialists in solving urban problems 
and promoting technical advancements which attracted more 
people to the city and made their life there less hazardous. Smaller 
cities often placed the details of expansion and development in the 
hands of a single expert. Thus W. E. Cutshaw of Richmond, 
Virginia, studied the city's problems and potential for growth and 
submitted a priority list for council action. His annual report of 
1874 demonstrated that an accumulation of wastes from densely 
crowded districts was a serious source of disease and contagion 
for the whole city and recommended a public sewer system. 
Cutshaw viewed his office as one designed to extend the health, 
comfort, and convenience of all the citizens, regardless of "local 
prejudices and individual interests of a pecuniary chara~ter . "~~ In 
the larger metropolitan areas, groups of engineers worked together 
centered in city departments and municipal commissions to per- 
form similar functions. Often armed with the authority of state 
legislation, these metropolitan engineers retained a high degree of 
autonomy. Taking responsibility for improving city health, they 
were often able to direct city planning as well as approve and 
supervise major construction projects. 
One of the outstanding metropolitan engineers of the post-Civil 
War period was Charles F. Chandler, a graduate of Lawrence 
Scientific School who earned his doctorate in chemistry in Ger- 
many. He returned in 1857 to teach chemistry at  Union College 
in Schenectady and seven years later joined Thomas Egleston in 
founding the Columbia School of Mines in New York City, 
where for the next thirty years he was dean of the faculty and 
professor of theoretical and industrial chemistry.23 In 1866 the 
newly created New York Metropolitan Board of Health asked 
21 Daniel Aaron, Men of Good Hope (New York, 1961), 38-46. 
22Annual Report of the Engineering Department of the City of Richmond 
(Richmond, Va., 1874), 18. 
23 The following material on Charles F. Chandler is taken from the unorganized 
boxes (over 100) in the Chandler collection at Columbia University. A helpful 
guide to Chandler's career is the Perkin Medal Address "Public Servant," given 
in 1920 by Marston Taylor Bogart. See also the article on Chandler in The 
Indicator, XVIII (Oct. 1937), 26-34, 
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Chandler to serve as a technical adviser without pay. His service 
to the Board of Health in the next seventeen years was phenomenal. 
His investigations resulted in regulations that protected the public 
against watered milk, the gas nuisance, dangerous kerosene, pol- 
luted water, adulterated liquors, poisonous cosmetics, contamina- 
tion from manure, and the spread of disease from accumulated 
wastes. He led the battle for removal of the stalls around Wash- 
ington, Fulton, and Center markets, the abatement of the sludge 
acid nuisance, the regulation of slaughterhouses and cattle driving, 
the introduction of modern plumbing and drainage in tenement 
houses, the establishment of the summer corps of visiting phy- 
sicians, a permanent system of free vaccination, and the proper 
care of contagious diseases in special hospitals. In 1869 when the 
editors of the English publication Engineering called for a national 
institute to train chemists to help engineers in coping with indus- 
trial pollution of water and air, they did not realize that Chandler 
had already founded such an institution in New York City and 
was battling politicians, entrepreneurs, capitalists, and even the 
police in order to make it e f f ec t i~e .~~  
As a chemist for the Board of Health, Chandler first investigated 
the cause of numerous kerosene accidents. Because sperm oil was 
expensive and whale oil gummed up lamps, kerosene had been 
introduced as a low-price substitute. Chandler's investigation 
showed that kerosene was only dangerous when profiteers added 
the cheaper and more volatile naphtha to it. Of the seventy-eight 
samples that Chandler purchased from retail shops in New York, 
all, bearing the ironic label "safety oil," contained naptha. Chan- 
dler's report received wide publicity in the United States and 
E ~ r o p e . ~ ~  Twice he was called to Berlin to confer with the Imperial 
Secretary of the Interior on his findings and he also appeared 
before a parliamentary committee in London on this subject. His 
report increased the business of the petroleum industry and they 
retained him as a consultant. His work also brought about strict 
24 Van Nostrand's Eclectic Engineering Magazine, I (June 1869), 5 12-1 3. 
25 Charles F. Chandler, Report on the Quality of Kerosene Oil Sold in the Metro- 
politan District (New York, 1870); see also "Report on Petroleum Oil, Its Advan- 
tages and Disadvantages with Special Reference to the Prevention of the Traffic 
in Dangerous Kerosene and Naphtha," The American Chemist, I1 (May-June 1872), 
409-12, 446-48; 111 (July-Aug. 1872), 20-24, 41-43. 
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regulation of the dilution of kerosene, reducing the fatality rate 
from lamp explosions in New York City from fifty-two per million 
to fifteen per million, or about seventy-five deaths a year. 
In 1867 Chandler undertook an investigation of the gas nuisance. 
For many years an obnoxious smell hung over great areas of New 
York City, stemming, it was thought, from the sewer system. 
Chandler discovered that the liming process of the gas manu- 
facturers was the actual source. All but one company modified 
their processes to suppress the poisonous gases and made arrange- 
ments to remove the foul lime from their premises. The unco- 
operative manufacturer maintained in a court hearing that the 
odors were inevitable, that they were good for whooping cough, 
and that any change in their manufacturing process would make 
their gas so impure as to be unsafe to burn in enclosed buildings. 
After Chandler testified that the dry-lime process produced sul- 
furous acid which corroded metals, ammonia which produced 
nitrous acid and poisoned the atmosphere, and carbonic acid which 
diminished the illuminating power of the gas, the Board of Health 
won its case and the manufacturer switched to the laning process 
that Chandler had re~ornmended.~~ 
In 1869 Chandler was busy enforcing the Board of Health's 
decree forbidding the adulteration of milk. He employed two 
inspectors who used a lactorator to determine which dealers added 
water to their milk. At the beginning of the investigation, milk 
sold to the public turned out to be one-fourth water. Companies 
were skimming off the cream, adding water, and pocketing fraud- 
ulent profits of over ten thousand dollars a day. Before he com- 
pleted his fight for pure milk, Chandler became president of the 
Metropolitan Board of Health. Using his enlarged powers he 
fought a milk suppliers' association in the courts, collected more 
than $50,000 in fines, poured many thousands of gallons of watered 
milk into the gutter, and placed a number of men in the city jail. 
Such forceful action did not completely solve the problem. Bribery 
of milk inspectors continued, and Tammy politicians attempted 
to control appointments to this lucrative area of public service. 
The Metropolitan Board of Health was abolished in 1873 and 
26 Charles F. Chandler, Report on the Gas Nuisance in New York (New York, 
1870). 
166 Engineering in American Society 
Mayor Havermeyer appointed a New York City Board of Health 
with two commissioners, Dr. Stephen Smith and Professor Chan- 
dler. That year, which was filled with activity for engineers all 
over the country, was an especially busy one for Chandler. He 
first attacked the filthy condition of the meat markets. Butchers 
had been permitted to build their shops out in the middle of 
Washington street in lower Manhattan. Scraps of bones and meat 
fell through the rough plank floor where they decayed or were 
eaten by rats and maggots. Forty years of butchering under such 
conditions produced an intolerable condition. In one night Chan- 
dler directed laborers, hired by the Board of Health and protected 
by 360 policemen, to tear down all the shops at  Washington 
Market. The street department swept the pavement for the first 
time since the administration of Andrew Jackson. Chandler also 
cleaned up conditions around the ~ u l t o n  and Center markets. 
Next Chandler and Smith, fearing an outbreak of cholera, which 
had reached epidemic proportions in Memphis, scoured the city 
for breeding places of the disease and eliminated the collection of 
animal excrement around rendering companies. Industrial proces- 
sors, rendering companies, and property owners unsuccessfully 
sued the city of New York for over $600,000 as a result of the work 
of Smith and Chandler in clearing up unsanitary conditions result- 
ing from industrialization and intense urbaniza t i~n .~~ 
Chandler was also instrumental in initiating plumbing codes 
and bringing tenements under municipal inspection. Investigation 
by the New York Board of Health revealed that to protect the 
public from sewer gas, indoor toilets must have a trap placed 
between the house and the sewer and under every fixture, with 
every trap back-aired to prevent syphonage. I t  was also necessary 
for toilets to have a soil pipe carried to the roof. Chandler himself 
designed the flush toilet, which is still in general use. He refused 
to patent the idea, but instead contributed his household improve- 
ments to the plumbing trade in the hope that they would be used 
in urban communities everywhere to promote public health. 
Mayor Ely reappointed Chandler commissioner and president 
27 See "Remarks by Professor Charles F. Chandler," XII, CFC: a talk given by 
Chandler at a banquet in honor of Dr. Stephen Smith. See sketch of Chandler 
in the Dictionary of American Biography, 111, 611-13. 
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of the Board of Health in 1877. When his appointment came up 
in 1883 for a third term, however, aldermen at odds over a stable- 
manure dispute squashed his nomination. Private companies col- 
lected manure from over 80,000 horses and left it to be soaked 
by the rain and fermented by the sun. These stacks of offal 
produced a constant threat of fire and had to be tended daily. 
When the Board of Health placed policemen at the piles and 
refused to let the contractors dump their manure, the latter refused 
to make their daily rounds and the problem was transferred from 
the collection sites to thousands of stables throughout the city. 
The contractors persuaded the state legislature to pass a bill that 
prevented the Board of Health from interfering with the storage 
of manure within the city limits, but Governor Grover Cleveland 
promptly vetoed it. The aldermen and contractors then tried to 
compromise with Chandler, offering him his renomination if he 
would withdraw his opposition to the manure piles. He refused 
and the city of New York lost a faithful and responsible servant. 
Chandler's letter to Abram S. Hewitt indicated that the Civil 
Service Commission job had also handicapped his job in the later 
years, for it required him to choose staff members from names of 
an examining committee supplied him. Chandler argued that 
the Board of Health needed inspectors who were well trained as 
professional chemists and sanitary engineers, beyond the control 
of city politi~s.'~ 
Meanwhile, many other engineers helped society deal with the 
malfunctions caused by urban growth. William E. Worthen, a 
sanitary engineer to the New York Board of Health during 
Chandler's administration, had worked previously on water supply 
and hydraulic problems in Lowell and Boston under James B. 
Francis and Loammi Baldwin. Thereafter, his knowledge of 
pumping machinery and water supply systems prompted a dozen 
cities, including Cincinnati, St. Louis, Boston, Brooklyn, and 
Chicago, to employ him as a c o n ~ u l t a n t . ~ ~  Hiram Francis Mills, 
28 Chandler's career foreshadowed that of another New York chemist, E. F. Ladd, 
who later became a senator from North Dakota and a successful advocate of pure 
food and drug legislation. 
29 See sketch of William Ezra Worthen in the Dictionary of American Biography, 
XX, 538-39. 
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who obtained his professional education at Rensselaer, was a 
consulting engineer to the Boston Metropolitan Water and Sewer- 
age Board and chairman of the Massachusetts State Board of 
Health for twenty-eight years. He designed a slow-sand filter, 
which marked the beginning of mechanical regulation of city water 
purification plants. Partly as a result of the studies of sewage dis- 
posal completed under his direction, the death rate from typhoid 
throughout Massachusetts was reduced by 90 percent.30 
Frederic Pike Stearns, another Boston hydraulic and sanitation 
engineer who was trained under Hiram Mills, became the Massa- 
chusetts Board of Health's first chief engineer. He worked with 
many urban districts in the state on water and sewage problems, 
planned the Charles River Basin improvement, and designed the 
Nashua River water supply system for the Boston area. He later 
became a consultant to sanitation committees in Baltimore, Los 
Angeles, Hartford, Providence, New York City, Rochester, Pitts- 
burgh, Chicago, and Winnipeg. Steams and Worthen each served 
a term as president of the American Society of Civil Engineering.31 
After the Civil War many smaller towns grew into cities, 
expanding the stage of action for those engaged in  making urban 
complexes work. The railroads were, of course, an important factor 
here.32 The Illinois Central, for example, had only ten towns with 
a combined population of 12,000 in the immediate vicinity of its 
main line in 1850, but by 1870 sixty-one new communities boasted 
of a population of 172,000.33 The Nashua Gazette noted in 1839 
the potential growth of a small village through the advent of the 
railroad. The Nashua and Lowell Railroad carried over 30,000 
passengers into New Hampshire in the first year of operation and 
this total was expected to reach 75,000 during the next year. The 
editors explained that this facility was not financed by absentee 
capitalists, but by farmers, traders, and mechanics who were 
interested in "safety and dispatch," especially in the distribution 
30 See Ray Palmer Baker's sketch of  Hiram Francis Mills in the Dictionary of 
American Biography, XIII ,  8. 
31 See sketch of  Frederic Pike Steams in the Dictionmy of American History, 
XVII, 542-43. 
32 Green, American Cities, 2. 
33 Glaab and Brown. A History of Urban America, 1 1  3 .  
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of the forty-five tons of freight that arrived at Nashua each day 
in 1839.34 
Engineers played an active role in the development of such new 
towns. Richard Peters, an engineer on the Georgia Railroad, 
changed the name of the town of Marthasville to Atlanta in 1846. 
Here he bought 400 acres of land which later became the heart of 
the city, built the largest flour mill south of Richmond, and 
promoted Atlanta as a transportation center. Peters also helped to 
rebuild Atlanta after the Civil War, becoming president and 
promoter of its municipal transportation system.36 During the 
same years, another engineer, John Turner Milner, founded one 
of the great industrial centers of the South: Birmingham, Alabama. 
Milner had left the University of Georgia after three years of 
study in 1846, worked on the Macon and Western Railroad, and 
then struck out for California. After a short career in mining and 
- 
in service to the city of San Jose, he returned to Georgia. Using his 
background in geology, city planning, and railroad construction, 
Milner promoted a railroad from Atlanta to the heart of the coal 
and iron deposits in the Elyton region of Alabama. The Civil War 
delayed the enterprise and Northern capitalists interested in the 
South during Reconstruction at first opposed it. By 1871, how- 
ever, Milner had organized the resources of the Elyton Land 
Company, the South and North Alabama Railroad, and laid out 
the site of Bi~ningham.~" 
This same impulse to tap undeveloped resources and promote 
centers of industry was manifest in the careers of such engineers 
as Samuel Stewart Chase and William H. Wilson. Chase, a chief 
engineer of the Holyoke Water Power Company, turned the com- 
munity into a leading center of the paper industry, while taking 
great pride in furthering the development of schools and churches 
in H ~ l y o k e . ~ ~  Wilson, who represented the fifth generation of 
the engineering profession in his family, was employed by the 
34 Nashua Gazette, April 19, 1839. 
35 See sketch of Richard Peters in the Dictionary of American Biography, XIV, 
510-11. 
36 See sketch of John Turner Milner in the Dictionary of American Biography, 
XIII. 19-20. - -- 
37'see Memoir of Samuel Stewart Chase in the Proceedings A.S.C.E., I1 (1873), 
40-41; see also the discussion of Holyoke in Green, American Cities, 80-91. 
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Pennsylvania Railroad to promote suburban development. He 
named the Philadelphia suburb of Bryn Mawr and helped to lay 
out the streets, plant shade trees, and design the sewerage and 
water system.38 
Though many engineers were interested in solving urban prob- 
lems, their solutions for controlling threats to life and property 
often lagged behind existing conditions, particularly in fire-fighting. 
In May 1862 after a fire destroyed about two million dollars worth 
of property in Troy, the faculty of Rensselaer Polytechnic Institute 
noted that such destruction was "the sad price of false economy" 
and of "rude and primitive engineering art as against the good 
gifts of riper science."39 David Sannell, city engineer in San 
Francisco, indicated in 1865 that he not only was extending the 
network of hydrants and cisterns but also was designing an alarm 
system utilizing the telegraph, wired into the homes of firemen.40 
The water reserve was an important factor in fire-fighting for 
water consumption in growing cities was tremendous. Boston in 
February 1873 had a daily water consumption of 18,461,000 
gallons.41 New municipalities realized that their growth depended 
in many ways upon an adequate water supply. The Kansas City 
Daily N m s  reported in February 1873 that "from every quarter 
of the city comes the cry, let us have water works, and as soon as 
possible. Let us not discourage the investment of capital here by 
snubbing men with money ready, and a proposition to go to 
The city fathers asked Octave Chanute to prepare an 
estimate for a water system. In March he published a letter in the 
press explaining that a system built concurrently with the rapid 
growth of the city would be twice as expensive as one built after 
the street grades had been set, and recommended a two year delay. 
Citizens, however, wished immediate water service, even at the 
higher cost of perhaps half a million dollars. Chanute warned that 
private companies would offer to supply gratis the engineering 
38 William Hasell Wilson, Reminiscences of a Railroad Engineer (Philadelphia, 
1896), 62-63. 
39 See Rensselaer Polytechnic Institute Faculty Records for Tuesday, May 13, 
1862, p. 66. 
40 David Sannell, Annual Report for San Francisco, 1865. 
41 Report of City Engineer of Boston (Boston, 1873), 7. 
42 Kansas City Daily News, Feb. 19, 1873. 
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costs of such a project but cautioned that "so vital a matter as the 
supply of water" should not be placed in private hands. A city 
could not afford to have its water supply cut off for a single day, 
he said; the waterworks should be built, owned, and controlled 
by the 
Municipalities also called upon engineers to solve such technical 
problems as rapid transit, bridge design, and foundations for large 
office buildings. The American Society of Civil Engineers in 1868 
issued a study of the rapid transit network of New York City.44 
However, political rivalry prevented a systematic solution until the 
Tripartite Agreement of May 20, 1879, brought municipal transit 
under one management.4William Sooy Smith had much greater 
success in converting his experience with pneumatic caissons and 
bridge foundations into successful footings for large city buildings 
than transportation engineers did in converting their wide experi- 
ence in tunnels, bridges, and terminals into an efficient system of 
urban transit. 
City engineers also bore heavy responsibility for the development 
of parks and cemeteries. The city engineer of Providence, Rhode 
Island, expressed the hope in 1872 that citizens who had "cheer- 
fully submitted to a liberal provision for the supply of water, for 
sewage and other expensive improvements" would back his plan 
to beautify the public cemetery.46 Cemeteries, like public parks, 
he said, should be places for men to "enjoy the contemplation of 
the beauties of nature and art."47 The plan for the Providence 
cemetery included not only a chapel but a suitable lodge, flower- 
beds, a variety of trees, fountains, and sculpture. Thomas Egleston, 
a mining engineer who was an associate of C. F. Chandler at  the 
Columbia School of Mines, formed the Public Parks Protective 
Association in New York City, when he discovered that "Boss" 
43 Kansas City Daily News, March 8, 1873. 
44 Octave Chanute, "Rapid Transit and Terminal Freight Facilities," Transactions 
A.S.C.E., IV (1875) ,  1 ,  240, 251-52. 
45 F. W .  Gardiner and S .  Johannesson, "Manhattan Elevated Railway Improve- 
ments," Transactions A.S.C.E., LXXXII (1918) ,  554. 
46 Annual Report of the City Engineer of  Providence (Providence, R.I., 1872), 21. 
47 Ibid. Others, of course, were active in this area, especially F .  L. Olmsted and 
William Saunders, see Yearbook of  the United States Department of Agriculture 
(Washington, D.C., 1901 ), 625-30, and Lewis Mumford, The Brown Decades (New 
York, 1955), 83-94. 
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Tweed's administration planned to sell Washington Park to private 
developers. The association helped secure passage of a resolution 
declaring Washington Park to be reserved "forever" to promote 
"public health and re~reat ion."~~ 
One of the major failures in urban development during the later 
nineteenth century was in the design of dwellings. This was due 
in part to the fact that most architects were traditionalists who 
did not accept either the ideology or the technology of the new 
urban society. Indeed, the problem that Jacob Riis made a public 
issue in the 1890s, had engaged the attention of the engineering 
profession in the 1 8 7 0 ~ . ~ ~  The American Engineer commented in 
1875 that "almost all the cities in the United States having a 
population of over 200,000 exhibit no adequate provision for homes, 
for the laboring classes." The editors called slums a "slough of 
disease and death" and a "cesspool of vice." Through "the want 
of proper lodgings, and by the avarice of grasping landlords," they 
added, laborers were driven "to huddle together either in large 
and imperfectly ventilated and drained tenaments, or in . . . cellars 
and attics, in narrow streets, courts and alleys, scarcely visited by 
the wholesomeness of the light and never by the free circulation 
of life-invigorating air.7750 A fellow of the Royal Institute of Archi- 
tects, William Fogerty, who visited the United States in 1875, 
observed that despite the general inertia of American architecture, 
American residential housing was considerably ahead of European 
"in plumbing and engineering works.'751 He praised the "excellence 
and finish of the baths, lavatories and other sanitary appliances" 
and was delighted with central heating.52 Fogerty found America 
more urban than Europe in its concern for convenience, comfort, 
and economy. He wrote of engineering achievements, however, 
rather than architecture: elevators, forced-air and steam-heat fur- 
naces, running water and adequate drainage, the substitution of 
48 See Edna Yost's sketch of Thomas Egleston in the Dictionary of American 
Biography, VI, 56. 
49 Jacob Riis, How the Other Half Lives (New York, 1890). 
50 American Engineer, I1 (Feb. 1875), 54. 
51 William Fogerty, "On Conditions and Prospects of Architecture in the United 
States," Van Nostrand's Eclectic Engineering Magazine, XIV (Jan. 1876), 64. 
52 Ibid., compare William Fogerty, "Hints from American Architectural Practice," 
Van Nostrand's Eclectic Engineering Magazine, XV (Sept. 1876), 246. 
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mechanical conveniences for household servants, and the displace- 
ment of "bedroom crockery" with flush toilets. 
Engineers did not limit their involvement with the physical 
problems of ordering and humanizing city life. They were also 
concerned with integrating American society with the emerging 
world-city. They were, as the Norwegian novelist Johan Bojer 
observed, the "missionaries" of the "culture and power" in Western 
ci~i l izat ion.~~ The professional work of Elmer Corthell and James 
B. Eads illustrates their growing consciousness of this role. Cor- 
the117s early work along the Mississippi River helped develop the 
town of Hannibal, while Eads7 bridge over the Mississippi was a 
crucial factor in the growth of St. Louis. Both engineers then 
participated in the enlargement of the South Pass Jetties, opening 
the Mississippi Valley more fully to international trade, and 
especially increasing the importance of St. Louis and New Orleans. 
They then turned their attention to the problem of access from 
the Atlantic Ocean to the Pacific Ocean. In an address before the 
American Association for the Advancement of Science in 1885, 
Corthell declared that "geographers, biologists, anthropologists, 
economists, chemists and civil and mechanical engineers" were 
rapidly changing the "agricultural, industrial, commercial, social 
and political" relationships of man.64 The "free and economical 
exchange of productions,-and the removal of the obstructions to 
industries and commerce" he declared, were bringing about the 
annihilation of time and space. These categories, as Paul Tillich 
put it, "are the main structures of existence to which all existing 
things, the whole finite realm are subjected.7755 
Modifying time and space was perhaps more fundamental to 
urban development than easing the burdens of labor and the 
extension of comfort and culture. The consequences were numer- 
9us and complex. Urban centers were united. Bridges spanned 
'vers; railroads crisscrossed the continent; aqueducts brought 
53 Johan Bojer, The  Great Hunger (New York, 1919), 113. 
54 Elmer L. Corthell, The Interoceanic Problem and Its Scientific Solution (Ann 
Arbor, Mich., 1885), 5. 
55 Paul Tillich, Theology of  Culture (New York, 1964), 30. For a historical 
discussion of time and space, see Lewis Mumford, Technics and Civilization (New 
York, 1934), 12-22. 
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clean water from the hills; canals, tunnels, jetties, levees, and 
harbor improvements made the shipment of heavy goods cheap 
and convenient; and the telegraph made the daily press an index 
of the ties that bound the cities of the United States into an 
increasingly homogeneous metropolitan culture. Ironically, as the 
duration required to accomplish physical tasks was shortened from 
weeks to days and then to hours and minutes, the importance of 
the smaller measurements of time increased the anxieties of men. 
A shipment of wheat that was a day late in 1850 caused little 
comment, while a passenger train a few minutes off schedule in 
1875 brought anger and frustration. The rapid distribution of 
men, information, and goods eliminated loneliness and isolation, 
but it intensified the habit of superficial identification and deprived 
men of the chance to escape to a rural frontier. The sound of the 
locomotive might have disturbed Nathaniel Hawthorne while he 
was meditating in the Concord woods in 1844, but twenty-five 
years later men cheered as the golden spike at  Promontory Point 
nailed down the nation's rejection of provincialism and bucolic 
autonomy. 
The vision of an age when time and space would be eliminated 
and the burdens of man would be lifted was, of course, part of the 
eschatology traditional in the Christian faith. For a society 
immersed in the Judaic-Christian tradition, the dawning age 
seemed a fulfillment of millennia1 expectations. When Norman 
Stratton, an engineer at the Brooklyn naval yard, looked back in 
1874 on the "startling discoveries" and material improvements 
of the previous fifty years, he concluded that technology had 
produced a more positive attitude toward both the present and 
the future. The capacity to travel from coast to coast in speed 
and luxurious comfort, through cities whose streets were never 
dark and through the countryside where developments in the 
implements of agriculture had lifted "the heavy burdens which 
ignorance had imposed" gave him confidence that human history 
had purpose and meaning. He believed that advances in chemical 
science, communications, and photography had brought a "light 
of intelligence," enabling men to reject the "pernicious teachings 
of the past" which alleged their "utter worthlessness, vileness and 
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depravity." Society, which had once lived in "almost useless 
infancy" but under the "loving care of the great producing Cause," 
had reached a state of "vigorous and useful manhood." Stratton 
said he was not interested in documenting a theory of human 
evolution "from something lower to something higher," but wanted 
only to state that in his own day faith in human progress had 
become the normal condition and the most important factor of 
life. The future, he concluded, promised a "grand and glorious" 
destiny for all mankind.66 
Thus in a century of dreamers, utopians, social reformers, and 
industrial pioneers the engineering profession emerged. Herbert 
Spencer, Charles Darwin, and Karl M a n  laid out grand concepts 
of man's evolution, while utopians dotted the countryside with 
communities such as Harmony and New Harmony, Brook Farm, 
and Oneida.57 Abolitionists became willing at last to war against 
their own brethren in order that an old and evil institution might 
pass away. Businessmen cited the rule of the forest in justification 
of their quest for material gain and hope for improving their own 
status and security. In another age John Roebling might have 
become a philosopher, George Morison a lawyer, Elmer Corthell 
a minister, Frederick Lander and Daniel McCallum poets, William 
Hutton an artist, Albert Fink a political revolutionary, and Richard 
Peters an architect. Roebling was a favorite student of Hegel, 
Morison a Harvard Law School graduate, Corthell a Baptist divinity 
student, Lander and McCallum popular poets, Fink a participant 
in the German revolution of 1848, Hutton a talented artist, and 
Peters a student of the American architect William Strickland. 
However, in the nineteenth century the engineering profession 
drew these men, along with many others of equal talent into a 
large-scale effort to reconstruct the physical basis of civilization. 
Just as their technical competence was founded on a synthesis of 
scientific principle and practical necessity, so also the engineer's 
social vision reflected both the ideals of progress and the reality 
56 "Address by Honorable Norman Stratton," Proceedings of the Semi-Centennial 
Celebration of the Rensselaer Polytechnic Institute (Troy, N.Y., 1875), 92-93. 
57 See J. H. Noyes, History of American Socialisms (Philadelphia, 1870); see also 
Paul Conklin, Tomorrolv a New World: The New Deal Community Prograrq 
(Ithaca, N.Y., 1959). 
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of traditional political and economic interests. Consequently, if 
one considers their accomplishments in the light of the widely 
flourishing ideal of progress, the success of members of this profes- 
sion in fulfilling many of their dreams is remarkable. If nineteenth- 
century ideology and technology produced the urban world, the 
role of the engineer in promoting both was decisive. 
Bibliographical Essay 
The social historian who attempts to understand the development 
of technology in the nineteenth century faces a troublesome para- 
dox, for the primary sources are both voluminous and partially 
inaccessible. This is especially true of the data surrounding the 
engineering profession. Engineers usually kept daily accounts of 
their work and periodically were required to submit written reports 
which were often published. However, no one has attempted 
systematically to collect, classify, and catalog this information. A 
check in Philip M. Hamer's useful but unfortunately incomplete 
Guide to Archives and Manuscripts in the United States (New 
Haven, Conn., 1961) shows that material on engineering is avail- 
able in almost every major archival deposit in this country. Such 
a wide distribution of documents has no doubt delayed the history 
of the profession. 
The crux of the problem, however, is that the engineering pro- 
fession was so closely integrated with finance, management, trans- 
portation, urbanization, science, invention, education, industry, 
and much of the rest of nineteenth-century life that it has not as 
yet found a distinct identity in the numerous reference aids avail- 
able to the researcher. This is evident in using the Dictionary of 
American Biography, which contains a very useful occupational 
index of leading American personalities. About three hundred 
engineers are classified under ten subcategories. One finds, how- 
ever, that even though the Dictionary of American Biography has 
included sketches of such leading engineers as J. Edgar Thomson 
and Albert Fink, they have been omitted from this index. Men 
such as Fink and Thomson were more easily classified as executives 
than engineers. The Dictionary of American Biography has also 
omitted biographies of such prominent engineers as E. S. Ches- 
brough, Samuel Nott, Peter Dey, George Stark, Wendell Bollman, 
Hezekiah Bissell, and George Baldwin. Some of the sketches 
should be rewritten, such as the unbalanced account of Octave 
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Chanute which concentrates on his aeronautical accomplishments 
to the neglect of an influential civil engineering career. Neverthe- 
less, the Dictionary of American Biography remains the only avail- 
able collection of short engineering biographies aside from the 
professional memoirs in the Transactions and Proceedings of the 
engineering societies and the Biographical Record of the Officers 
and Graduates of the Rensselaer Polytechnic Institute, 1824-1886 
(Troy, N.Y., 1887). 
The foregoing study of engineering was developed primarily 
from research in libraries and archival collections in New York 
City; Boston; Washington; Chicago; New Brunswick, New Jersey; 
and Troy, New York. There is a great variation in the condition 
of these collections; generally the papers of immigrant engineers 
such as John Roebling, John Ericsson, Octave Chanute, and Albert 
Fink are more complete than those of native-born engineers. The 
Roebling papers at  Rutgers University, New Brunswick, New Jersey, 
are well organized with the letters of both father and son tran- 
scribed, typed, and bound. Most of the articles written by John A. 
Roebling, however, along with his proposed tome "The Harmonies 
of Creation," have been left in the same incomplete and disorga- 
nized state they were when Roebling suffered his fatal accident in 
1869. Three outstanding works have been written on the basis of 
this collection: Hamilton Schuyler's The Roeblings: A Century 
of Engineers, Bridgebuilders, and Industrialists (Princeton, N.J., 
1931), David B. Steinman's The Builders of the Bridge (New York, 
1945), and Alan Trachtenberg's Brooklyn Bridge, Fact and Symbol 
(New York, 1965). There is also a good summary chapter on 
Roebling as well as chapters on other nineteenth-century engineers 
in David B. Steinman and Sara Ruth Watson, Bridges and Their 
Builders (New York, 1941). The only other set of papers that have 
received adequate attention by scholars is the John Ericsson 
material in the Library of Congress and the New York Public 
Library, though the latter collection is rather unorganized. William 
C. Church's two volume biography The Life of \ohn Ericsson 
(New York, 1891) remains the most thorough and sympathetic 
account of the Swedish engineer's career and includes many 
lengthy excerpts from primary sources. Ruth White's Yankee from 
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Sweden: The Dream and Reality of John Ericsson (New York, 
1960) focuses on the conflicts Ericsson faced in making his numer- 
ous mechanical contributions. 
The letterbooks of Octave Chanute in the Library of Congress 
cover his career up to 1873 and include many details relating to the 
daily life of an engineer. Chanute's major publication, written in 
collaboration with George S. Morison, The Kansas City Bridge 
(New York, 1870), is primarily technical in content. Pearl I. 
Young has prepared a bibliography of Chanute's writings and has 
compiled a biography, Octave Chanute, 1832-1910. The Library 
of Congress has three other sets of papers which, though not as 
extensive as the Chanute material, comprise important informa- 
tion on the development of engineering in the nineteenth century. 
The Albert Fink file is primarily a collection of his published 
articles and consequently- the work of his daughter, ~ l l e n  Fink 
Milton, A Biography of Albert Fink (Rochester, N.Y., 1951), is 
still an important source. This contains information on Fink's 
personal life, the most useful being quotes from his diary. The 
Andrew Talcott papers are very limited covering Talcott's work 
on the Mexican Railway in 1866. The letterbooks of Frederick W .  
Lander and a scrapbook of newspaper clippings compiled by his 
actress wife reveal some of the complexities of a civil engineer who 
spent most of his career working on federal projects-most of them 
in the Far West. 
The reminiscences of professional engineers are another valuable 
source of information. Though the personal memoir, like any 
secondary work, is usually a reflection-of the period in which it 
was written rather than an accurate account of a man's earlier 
experiences, the reminiscences of engineers were often written 
with the help of their own personal notebooks and letterbooks; 
thus they have some of the authenticity of a primary source. The 
reminiscences of Robert Stanton in the New York Public Library 
concentrate on his early education and first experiences as an 
apprentice engineer, while the published recollections of William 
H. Wilson, Reminiscences of a Railroad Engineer (Philadelphia, 
1896), Herman Haupt, Reminiscences of General Herman Haupt 
(Milwaukee, Wis., 190 1 ), and the Reminiscences of Captain James 
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B.  Eads, edited by Edmund Soudan in 1915, discuss in more detail 
the life of a chief engineer. Hezekiah Bissell's unpublished memoir 
is in the Smithsonian Institution. Bissell begins with his childhood 
in New England, his education at Yale, and then describes in 
detail his work on the Union Pacific and his succeeding career in 
New York and South America. Unfortunately the memoir does 
not contain much information on his later work as a railway 
executive. Less useful are two separate reminiscences of Onward 
Bates, Onward Bates, et al, of Virginia and Missouri (Chicago, 
1914) and Onward and Onward: A Romance of Four Continents 
Memorabilia of an Engineer (Augusta, Ga., 1933), a narrative of 
the work of Onward and his son who was also an engineer. In  
addition to reminiscences, memorials have been written about 
some engineers such as In  Memoriam William Gurley (Troy, N.Y., 
1890) or Charles Frederick Chandler: A Retrospect (La Crosse, 
Wis., 1944), by Frederick J. Wulling, which are little more than 
selected tidbits of praise and adoration. One step above such 
eulogies are the biographies written by well-meaning relatives who 
lack training in the use of historical material. The biography of 
Thomas S. McNair, With Rod and Transit (Los Angeles, 1951), 
by his son James B. McNair is such an example. Other biographies 
and monographs on engineering have been written for the general 
public and have limited value, such as Louis How's James B. Eads 
(Cambridge, Mass., 1900) or Chelsea Fraser7s The Story of Engi- 
neering in America (New York, 1928). 
Two of the most extensive collections of engineering material 
are the Charles F. Chandler papers at  Columbia and the William 
R. Hutton papers at the Smithsonian Institution. Over one 
hundred boxes of material on the eventful pedagogical, administra- 
tive, and technical career of Chandler need to be sorted and 
summarized. When this is completed, another urban reformer 
will be added to the growing list of nineteenth-century "Progres- 
sives." The work of William R. Hutton is also intimately con- 
nected to the urbanization of American life after the Civil War. 
Twenty-eight volumes of diaries ( 1866-1901), twenty volumes of 
notebooks ( 1863-1889), and eight volumes of letterbooks (1871- 
1898) cover Hutton's work as chief engineer for the Chesapeake 
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and Ohio Canal Company and later for the Hudson River Tunnel, 
as well as his employment on the Washington Aqueduct and other 
numerous projects around Baltimore and Washington, D. C. In 
contrast to these collections the engineering materials in the 
Baker Library on the Harvard campus are rather limited. The 
Samuel Nott letterbooks covering Nott's career as a railroad 
engineer and executive are their best source. The James B. Francis 
notebooks are technical and sketchy, while the Samuel Felton and 
Daniel Harris papers contain only a few items. The Baldwin 
papers unfortunately have been screened for important economic 
and political information, and the remaining material, much of 
which would be of interest to a social historian, has been divided 
among archival deposits. 
Even though the papers of many important engineers, such as 
E. S. Chesbrough, have not as yet been collected, a readily accessible 
source of information can be found in the records of the corpora- 
tions for which engineers worked. This material has often been 
overlooked by historians. E. H. Mott's classic study, Between the 
Ocean and the Lakes: The Story of the Erie (New York, 1899), 
completely ignores the contributions of the engineering profession. 
Mott has followed the lead of Charles F. Adams, Jr., and Henry 
Adams, Chapters of Erie (Ithaca, N.Y., 1956), and examined the 
development of a railroad from the financial aspect, ignoring the 
less sensational construction and operational areas. The place of 
the capitalists in the growth of this nation's corporations is still 
the concern of such studies as Robert W. Fogel's The Union Pacific 
Railroad: A Case in Premature Enterprise (Baltimore, Md., 1960). 
The works on the Northern Pacific and Pennsylvania Railroads 
are exceptions. Eugene V. Smalley, History of the Northern Pacific 
Railroad (New York, 1883), discusses the careers of both Edwin 
F. Johnson and W. Milnor Roberts, two outstanding engineers. 
H. W .  Schotter, The Growth and Development of the Pennsyl- 
vania Railroad Company (Philadelphia, 1927), and George H. 
Burgess and Miles C. Kennedy, Centennial History of the Penn- 
sylvania Railroad Company (Philadelphia, 1949), both devote a 
major portion of their narrative histories to the importance of 
engineering in the development and management of America's 
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largest railroad. The records of two railroads were especially help- 
ful. The Nashua and Lowell papers at  the Baker Library contain 
numerous references to the role of the chief engineer George Stark 
in the consolidation of that system. A small section of the Balti- 
more and Ohio papers relating directly to the hiring of engineers 
has been given to the Smithsonian Institution. These letters, the 
majority of which were written to President John W. Garrett, 
reflect the wide diversity of engineers who sought positions with 
the Baltimore and Ohio. 
Schools of engineering are another source of information about 
the nineteenth-century engineer. Faculty members at  Rensselaer 
Polytechnic Institute have been conscious of the role of technology 
in history and periodically have published some useful studies on 
the development of Rensselaer. General histories have been written 
by Palmer C. Ricketts, History of Rensseher Polytechnic Institute 
(New York, 1934), and Ray P. Baker, A Chapter in American Edu- 
cation, Rensselaer Polytechnic Institute, 1824-1 924 (New York, 
1924). The Proceedings of the Semi-centennial Celebration of 
Rensselaer Polytechnic Institute (Troy, N.Y., 1874) and the Pro- 
ceedings of the Centennial Celebration of Rensselaer Polytechnic 
Institute (Troy, N.Y., 1925) record various impressions of educa- 
tion, technology, and American society in the 1870s and 1920s. 
The publications of two other faculty members, B. Franklin 
Green's True Idea of a Polytechnic Institute (Troy, N.Y., 1855) 
and S. Edward Warren's Notes on Polytechnic Schools (Troy, 
N.Y., 1866), are studies of both national and international interest 
relating to the development of engineering curriculums. The 
Partial Record of Graduates of Rensselaer Polytechnic Institute 
(Troy, N.Y., 1893) supplements Nason's biographical study of 
ten years earlier. Of special interest is the diary of Alfred Bower, 
which covers eight years (1863-1871) during which time he was a 
student at  Rensselaer. This well-written account shows good 
insight into student life and is a balanced account of Bower's 
political, religious, and social experiences while growing up within 
the Hudson River valley. Rensselaer also has student newspapers, 
faculty minutes, student theses, and student registers from the 
nineteenth century along with a good collection of books from 
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the period. Much of its material including numerous photographs, 
however, is boxed and unsorted and thus inaccessible until Rens- 
selaer either forms its own archival program or deposits its col- 
lections with an established historical society. Rensselaer's papers 
are much more extensive than its sister school of technology at 
Hoboken, New Jersey. Stevens Institute of Technology has lacked 
the historical perspective of Rensselaer and has little else than 
school catalogs and the Morton Memorial: A History of Stevens 
Institute of Technology, a compilation of historical material edited 
by F. D. Furman in 1905. An attempt should be made to locate 
the papers of its first president, Henry Morton. Material on the 
growth of engineering education can also be found in Earle D. 
Ross7 perceptive Democracy's College: The Land-Grant Move- 
ment in the Formative Stage (Ames, Iowa, 1942), J. W .  Hoyt's 
Report on Education (Washington, D.C., 1870), and James G. 
McGivern's First One Hundred Years of Engineering Education 
in the United States, 1807-1907 (Spokane, Wash., 1960). Of 
course, there are individual studies on other schools such as Donald 
E. Johnson and James E. Mooney, Pioneer Class Sketches of the 
Lives of All Members of the Class of 1871 of Worcester Polytechnic 
Institute (Worcester, Mass., 1966), Earle D. Ross, The Land-Grant 
Idea at  Iowa State College (Ames, Iowa, 1958), and J. T. Willard, 
History of the Kansas State College of Agriculture and Applied 
Science (Manhattan, Kans., 1940). In the area of high school 
curriculum and the teaching of science, Anna C. Palmer's Joel D. 
Steele, Teacher and Author (New York, 1900), is one of the few 
histories of a nineteenth-century high school educator. 
Engineers themselves published many formal reports during this 
period. The Engineering Societies Library in New York has a 
partial collection of annual reports from engineers in Baltimore, 
Louisville, Dubuque, Rochester, Allegheny, Jersey City, Wilming- 
ton, Washington, D. C., San Francisco, Providence, and many 
other cities. Other reports especially helpful in the formulation 
of this study were Albert Fink's An Investigation in the Cost of 
Transportation on American Railroads with Deduction for Cheap- 
ening Its Cost (Louisville, Ky., 1874); the American Society of 
Civil Engineer's American Engineering as Illustrated by this Society 
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at the Paris Exposition of 1878 (Paris, 1878); E. S. Chesbrough's 
Sewerage of Boston (Boston, 1875); C. F. Chandler's various 
reports on the gas nuisance, the quality of milk supply, and other 
city problems that can be found in his periodical The American 
Chemist, which was published monthly in the 1870s. Many tech- 
nical papers can be found in the Franklin Journal and the Ameri- 
can Society of Civil Engineers Transactions. For a complete list 
of scientific periodicals during the period see the American Society 
of Civil Engineers Transactions (Nov. 1874), I, 151-52, along with 
the lists in Carl W. Condit's American Building Art: The Nine- 
teenth Century (New York, 1960) and H. Haupt, Jr.'s List of 
Periodical Engineering Literature (Philadelphia, 1879). 
Condit's work is perhaps the best overall discussion of nineteenth- 
century American technology. Full-length works written by nine- 
teenth-century engineers have also been useful guides. Perhaps 
the most comprehensive discussion of nineteenth-century tech- 
nology by an engineer is George S. Morison's The New Epoch as 
Developed by the Manufacture of Power (Boston, 1903). Also 
helpful are John B. Jervis' The Question of Labour and Capital 
(New York, 1877) and Railway Property: A Treatise on the Con- 
struction and Management of Railways (New York, 1861) and 
Elmer Corthell's A History of the Jetties of the Mouth of the 
Mississippi River (New York, 1880) and The Interoceanic Problem 
and Its Scientific Solution (Ann Arbor, Mich., 1885). The best 
collection of engineering statistics is Lewis Haupt's American Engi- 
neering Register (New York, 1885 ) . The United Census Reports 
of 1880 has separate volumes devoted to transportation, petroleum, 
mining, water power, and power machinery, but nothing except 
an occupational tabulation relating directly to the engineering 
profession. Most of the works published by Alexander Holley, 
Charles Ellet, Benjamin Latrobe, James B. Francis, and Herman 
Haupt are very technical and meant for a limited professional 
audience. 
Charles B. Stuart's Lives and Works of Civil and Military Engi- 
neers of America ( 1871 ) and Samuel Smiles' Lives of the Engi- 
neers (London, 1857) reflect the concern during the Victorian age 
for historical stereotypes, but also indicate that engineering by the 
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1870s had reached a professional plateau where it could be the 
subject of heroic biography. In a much more critical but appre- 
ciative framework, S. C. Aiken7s Moral View of Railroads (Cleve- 
land, Ohio, 1851) and the Boston Railroad Jubilee (Boston, 1852) 
appraised the positive forces within the technological revolution 
at midcentury. Some of the key essays on the general subject of 
technology can be found in Henry Nash Smith's Popular Culture 
and Industrialism, 1865-1890 (New York, 1967) and Arthur 0. 
Lewis, Jr., Of Men and Machines (New York, 1963). 
Among the secondary sources on nineteenth-century technology 
the international quarterly Technology and Culture of the Society 
for the History of Technology provides the latest scholarly con- 
tributions. Among these is the bibliography of technology being 
compiled by Eugene S. Ferguson. John G. Burke's collection of 
essays in The New Technology and Human Values (Belmont, 
Calif., 1966) is also useful. More important, however, is the two- 
volume compendium of Melvin Kranzberg and Carroll Pursell, 
Technology in Western Civilization (New York, 1967); especially 
valuable is the long critical bibliography at the end of each volume. 
In the immediate area of nineteenth-century engineering, Daniel 
Calhoun7s The American Civil Engineer: Origins and Conflict 
(Boston, 1960) discusses the rise of engineering in the canal area 
and traces its development to the initiation of railroads. This study 
was preceded by Kenneth Bjork's Saga in Steel and Concrete 
(Northfield, Minn., 1947), a study of Norwegian immigrant engi- 
neers and has been supplemented by Monte Calvert7s The Mechan- 
ical Engineer in America, 1830-1910: Professional Cultures in Con- 
flict (Baltimore, Md., 1967). C. W. Hunt traced the history of 
the American Society of Engineers at  the end of the century in his 
Historical Sketch of the American Society of Civil Engineers (New 
York, 1897), a work that now needs to be brought up to date. 
W. H. G. Armytage has put together a rather cosmopolitan view 
of technological innovation in A Social History of Engineering 
(New York, 1961) and has broken away from the descriptive 
history of R. J. Forbes, Man the Maker: A History of Engineering 
and Technology (New York, 1950), Hans Strub, A History of Civil 
Engineering (London, 1952), R. S. Kirby and others, Engineering 
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in History (New York, 1956), and James K. Finch, The Story of 
Engineering (New York, 1960), who have not attempted to appraise 
the impact of technology on Western civilization. These questions 
are asked by H. J. Habakkuk in his American and British Tech- 
nology in the Nineteenth Century (Cambridge, Mass., 1962), a 
study of the importance of labor-saving inventions upon the 
entrepreneurial tradition, and by John U. Nef's Cultural Founda- 
tions of Industrial Civilization (Cambridge, Mass., 1958). Nef 
argues that the benefits of industrialization outweigh its liabilities; 
his evidence lacks, however, any reference to the rise of the engi- 
neering profession. 
Important background works for the period before and after the 
civil War include A. D. Chandler's The Railroads: The Nation's 
First Big Business (New York, 1965), Gabriel Kolko's Railroads 
and Regulation, 1877-1916 (Princeton, N.J., 1965), 0 .  0 .  Winter's 
The Transportation Frontier (New York, 1965), Norman Ware's 
The Industrial Worker, 1840-1 860 (Chicago, 1964), Allan Nevins' 
The Emergence of Modern America, 1865-1878 (New York, 1927), 
Sidney Fine's Laissez Faire and the General Welfare State (Ann 
Arbor, Mich., 1964), H. Wayne Morgan's The Gilded Age: A Reap- 
praisal (Syracuse, N.Y., 1963), and Edward C. Kirkland's Dream 
and Thought in the Business Community, 1860-1 900 (Ithaca, N.Y., 
1956). The work of three men complement Carl Condit7s out- 
standing American Building Art: The Nineteenth Century (New 
York, 1960); Nathan Reingold's Science in Nineteenth Century 
America (New York, 1964); John W. Oliver's History of American 
Technology (New York, 1956); and Roger Burlingame's Machines 
That Built America (New York, 1953), March of the Iron Men 
(New York, 1938), and Engines of Democracy: Inventions and 
Society in Mature America (New York, 1940). A pictorial history 
of American technology is available in Mitchell A. Wilson's Ameri- 
can Science and Invention (New York, 1954); a literary analysis in 
Leo Man's The Machine in the Garden: Technology and the 
Pastoral Ideal in America (New York, 1964); and a utilitarian view 
of American technology and art in John A. Kouwenhoven, Made 
in America: The Arts in Modern Civilization (Garden City, N. Y., 
1962). In the background of urbanization and technology one 
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should start with Arthur M. Schlesinger's The Rise of the City 
(New York, 1933) and then read Charles N. Glaab and A. Theo- 
dore Brown's A History of Urban America (New York, 1967). 
Important earlier studies include Constance M. Green's American 
Cities in the Growth of the Nation (New York, 1957) and Blake 
McKelvey's The Urbanization of America, 1860-1915 (New Bruns- 
wick, N.J., 1963). More detailed studies can be found in Oscar 
Handlin and John Burchard, eds., The Historian and the City 
(Cambridge, Mass., 1963), A. Theodore Brown, Frontier Com- 
munity: A History of Kansas City to 1870 (Columbia, Mo., 1964) 
and A. F. Weber, The Growth of Cities in the Nineteenth Cen- 
tury: A Study in Statistics (Ithaca, N.Y., 1962). The best overall 
works on technology and culture remain Lewis Mumford's Technics 
and Civilization and Sigfried Giedion's Mechanimtion Takes Com- 
mand (Cambridge, Mass., 1948) and Space, Time and Architecture 
(Cambridge, Mass., 1962). I first envisioned the present study 
after reading Lewis Mumford's Sticks and Stones (New York, 1924) 
and The Brown Decades: A Study of the Arts of America, 1865- 
1895 (New York, 1931), where Mumford claimed that a "hidden 
renaissance" was present in late ninteenth-century American life. 
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neers, 126-29. See also engineering 
profession 
civil engineering: in RPI curriculum, 40. 
See also engineering profession 
civilization: definition of, 88; and urban- 
ization, 88n; discussion about, 108. 
See also urbanization 
Civil Service Commission, 167 
Civil War: civilian engineers in, 74 
Clarke, Thomas: report to ASCE on 
education, 52-54; mentioned, 27 
Clay, A. M.: poem on engineers, 36-37 
Cleemann, Thomas M., 93 
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mentioned, 175 
Philadelphia Centennial Exhibition, 22 
Philadelphia water works, 119 
Philadelphia, Wilmington & Delaware 
Railroad, 79, 83 
philanthropy, 85-86 
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grams at, 31; origins of, 40; graduates 
of, 40, 65, 114; curriculum at, 41-42, 
43; mentioned, 9, 25, 29, 30, 32, 35, 
36, 38, 44, 45, 46, 47, 50, 51, 60, 79, 
85, 91, 94, 95, 120, 121, 140, 149, 
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